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(54) Title: METHODS FOR PRODUCING MEMBERS OF SPECIFIC BINDING PAIRS 

(57) Abstract Fab 

A member of a specific binding pair (sbp) is identified by 
expressing DNA encoding a genetically diverse population of such 
sbp members in recombinant host cells in which the sbp members 
are displayed in functional form at the surface of a secreted recom- 
binant genetic display package (rgdp) containing DNA encoding 
the sbp member or a polypeptide component thereof, by virtue of 
the sbp member or a polypeptide component thereof being ex- 
pressed as a fusion with a capsid component of the rgdp. The dis- 
played sbps may be selected by affinity with a complementary sbp 
member, and the DNA recovered from selected rgdps for expres- 
sion of the selected sbp members. Antibody sbp members may be 
thus obtained, with the different chains thereof expressed, one 
fused to the capsid component and the other in free form for asso- 
ciation with the fusion partner polypeptide. A phagemid may be 
used as an expression vector, with said capsid fusion helping to 
package the phagemid DNA Using this method libraries of DNA 
encoding respective chains of such multimeric sbp members may 
be combined, thereby obtaining a much greater genetic diversity in 
the sbp members than could easily be obtained by conventional 
methods. 





VH LbflVK 



ot 



g3p 



scFv 



+ See back of page 



+ DESIGNATIONS OF "SU" 

tt is under examination In which parts of the former Soviet Union the 
designation of the Soviet Union has effect 



FOR THE PURPOSES OF INFORMATION ONLY 

of pamphlets publishing international 



Codes used to identify Sates party to the PCT on the front 
applications under the PCT. 



AT Austria 

AU Australia 

BB Barbados 

pp Belgium 

BP Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CI Cole dnvoirc 

CM Cameroon 

CS GecKoatovakia 

DE Germany 

DK Denmark 



ES 


Spain 


Fl 


Finland 


FR 


France 


CA 


Gabon . 


Ci 


united SCirigdw. 


CN 


Guinea 


CR 


Greece 


HU 


Hungary 


IT 


Italy 


JP 


Japan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic or Korea 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


MC 


Monaco 



MC Madagascar 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

PL Poland 

RO Romania 

SD Sudan 

SB Sweden 

SN Senegal 

SU Soviet Union 

TD Chad 

TC Togo 

OS United States of America 



WO 92/01047 



PCT/GB91/01134 



METHODS FOR PRODUCING MEMBERS OF 
SPECIFIC BINDING PAIRS 

The present invention relates to methods for oroducing 
5 members of specific binding pairs. The present Invention 
also relates to the biological binding molecules produced by 
these methods. 

Owing to their high specificity for a given antigen, 
the advent of monoclonal antibodies (Kohler, G. and Milstein 
10 C; 1975 Nature 256: 495) represented a significant technical 
break-through with important consequences both 
scientifically and commercially. 

Monoclonal antibodies are traditionally made by 
establishing an immortal mammalian cell line which is 
15 derived from a single immunoglobulin oroducing cell 
secreting one form of a biologically functional antibody 
molecule with a particular specificity. Because the 
antibody- secreting mammalian cell line is immortal, the 
characteristics of the antibody are reproducible from 'batch 
20 to batch. The key properties of monoclonal antibodies are 
their specificity for a particular antigen and the 
reproducibility with which they can be manufactured. 

Structurally, the simplest antibody (IgG) comprises 
four polypeptide chains, two heavy (H) chains and two light 
25 (L) chains inter-connected by disulphide bonds (see figure 
1). The light chains exist in two distinct forms called 
kappa (K) and lambda (AJ. Each chain has a constant region 
(C) and a variable region (V). Each chain is organized into 
a series of domains. The light chains have two domains, 
30 corresponding to the C region and the other to the V region. 
The heavy chains have four domains, one corresponding to the 
V region and three domains (1,2 and 3) in the C region. The 
antibody has two arms (each arm being a Fab region), each of 
which has a VL and a VH region associated with each other. 
J3 zt xs this Pair of V regions (VL and VH) that differ from 
one antibody to another (owing to amino acid sequence 
variations), and which together are responsible for 
recognising the antigen and providing an antigen binding 
site (ABS). In even more detail, each V region is made up 
40 from three complementarity determining regions (CDR) 
separated by four framework regions (FR). The CDR's are the 
most variable part of the variable regions, and they perform 
the critical antigen binding function. The CDR regions are 
derived from many potential germ line sequences via a 
45 complex process involving recombination, mutation and 
selection. 

It has been shown that the function of binding antigens 
can be performed by fragments of a whole antibody. Example 
binding fragments are (i) the Fab fragment consisting of the 
o0 VL, VH, CL and CHI domains; ( ii ) the Fd fraoment consisting 
of the VH and CHI domains; ( iii ) the Fv fraoment consisting 
of the VL and VH domains of a single arm "of an antibodv, 
i lv) the dAb fragment (Ward, E.S. et al. , Nature 341, 544- 
546 (1989) vhich consists of a VH domain; (v) isolated CDR 



4 PCT/GB91/01134 

WO 92/01047 



SSSHA'E. 2£iS- f *ffl=V. SSSSSafBSS 

ar the hinge region. f-raoment are coded 

Although the two domains of the Fv fra ?^ en . o make a 
« for by separate genes, it has proved possible to make a 
" synthetic "linker that enables them to be made as a single 
Sotetn chain (known as single chain Fv (scFv); Bird R.E. 
11 »i -Science 242, 423-426 (1988) Huston, J.S. al - > 
et al., science |*£? 5879-5883 (1988 ) by 

Proc Natl Acad ^ k J S ^' t J^ xs wer e assembled 

nevKheISs a dumber of limitations associated with them, 
nevertheless ^ applicetions ^of 

20 =S5S i? £r2r't5.SS "a^iaT of'^iseases 

25 producing nun«« yie lds of antibody ( approximately 1 

w■l?^:& ^D^^ •«Iuival«lt: rodent cell lines yield 
nfgh amounts of antibody (approximately 100 pg/ml). 
However, the repeated administration of these 

, n ^rtpnt oroteins to humans can lead to narmxui 
ny^persisit?v Ay reactions. In the main therefore these 
roden^derived monoclonal antibodies have limited 

thera leconSly e a key aspect in the isolation of monoclonal 
35 antiboSes is hoJ many different clones of antibody 
Soducino cells with different specificities, can be 
oractfcally established and sampled compared to how many 

S L LoroJimSely 10? and this is only a small proportion 
4=; of the" Dotential repertoire of specmcixies . 

during t£ isolation of a typical antibody P^f^f" 
wSh 1 desired specificity, the investigator is ^only able to 
sample 10 3 to 10* individual specificities, ^he problem is 
worse in the human, where one has approximately 10 
50 lymphocyte specificities, with the limitation on sampling of 

10 3 or lo^ remaining. 

This problem has been alleviated to some extent m 
laboratory animals by the use of immunisation regimes, 
ihus where one wants to produce monoclonal antibodies 
.5 haviAg Ispecificity againsr a particular epitope, an animal 
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is immunised with an immunogen expressing that epitope. The 
animal will then mounr an immune response against the 
immunogen and there will be a proliferation of lymphocytes 
which have specificity against the epitope. Owing to this 
proliferation cf lymphocytes with the desired specificity, 
it becomes easier to detect them in the sampling procedure. 
However, this approach is not successful in all cases, as a 
suitable immunogen may not be available. Furthermore, where 
one wants to produce human monoclonal antibodies (eg for 
therapeutic administration as previously discussed), such an 
approach is not practically, or ethically, feasible. 

In the last few years, these problems have in part, 
been addressed by the application of recombinant DNA methods 
to the isolation and production of e.g. antibodies and 
15 fragments of antibodies with antigen binding ability, in 
bacteria such as E.coli . 

This simple substitution of immortalised cells with 
bacterial cells as the 'factory 1 , considerably simplifies 
procedures for preparing large amounts of binding molecules. 
20 Furthermore, a recombinant production system allows scope 
for producing tailor-made antibodies and fragments thereof. 
For example, it is possible to produce chimaeric molecules 
with new combinations of binding and effector functions, 
humanised antibodies (e.g. murine variable regions combined 
25 with human constant domains or murine- antibody CDRs grafted 
onto a human FR) and novel antigen-binding molecules. 
Furthermore, the use of polymerase chain reaction (PCR) 
amplification (Saiki, R.K., et al., Science 239 , 487-491 
(1988)) to isolate antibody producing sequences from cells 
30 (e.g. hybridomas and B cells) has great potential for 
speeding up the timescale under which specificities can be 
isolated. Amplified VH and VL genes are cloned directly 
into vectors for expression in bacteria or mammalian cells 
(Orlandi, R. , et al. , 1989, Proc. Natl. Acad. Sci., USA 86 
35 3833-3837; Ward, E.S., et al., 1989 supra; Larrick, J.W.,~£t 
al., 1989, Biochem. Biophys. Res. Commun. 160, 1250-1255; 
Sastry, L. et al., 1989, Proc. Natl. Acad. Sci., USA. , 86, 
5728-5732). Soluble antibody fragments secreted from 
bacreria are then screened for binding activities. 
40 However, like the production system based upon 

immortalised cells, the recombinant production system still 
suffers from the selection problems previously discussed and 
therefore relies on animal immunization to increase the 
proportion of cells with desired specificity. Furthermore, 
45 some of these techniques can exacerbate the screening 
problems. For example, large separate H and L chain 
libraries have been produced from immunized mice and 
combined together in a random combinatorial manner prior to 
screening (Huse, W.D. et al., 1989, Science 246, 1275-1281 
50 W090/14443; W090/14424 and W090/14430). CruSIIlly however' 
the information held within each cell, namely the original 
pairing of one L chain with one H chain, is lost. This 
loses some, of the advantage gained by using immunization 
protocols in the animal. Currently, only libraries derived 
do from single VH domains (dAbs; Ward, E.S., er al., 1989 
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supra. .. i not suffer this drawback «r *™ ^not 
all antibody VH d»? in V * ri H«ion 4e oroblem of directly 

^usl^fs- a need ^J s 7 ^Jn^ Z which » 
ameliorates or overcomes L ° ne °Id aUow tht sampling of very 
problems. : The ideal e f« ™ t ™f a , ^S^a hioher , . rapid W 
large numbers of specificities transfer of the 

sorting at each cl«ang round ^? ld mo ~* ule from one 
oenetic material coding tor xne UJ - * qtaae 
Sage of the production . process ^ to the next stage. o£ 

^ B °^ a S^o^^s because they grow 
screening, would be PjJ™2^°^ man iDulate and because . 
quickly, -^-^gSS oS ht created) which express and 
large numbers of clones ± x bindin g domain eg. an 

display at their surface a f ^° tlonai tn£ y .jk pa tent GB 
antibody,: receptor, ^^^sionin 'a singled cell 
2137 b^ia aeumua ~~ --- " of immunoglobulins were 

of the variable H ana L chain genes a t « 9 sed 
disclosed. However the . .P/°* e * the protein 

intracellular^ and was ^ n ol ^'J^^ 0 iy fragments 
required extensive Processing to ^e ra t| ant^. ^ ^ 

with binding activity and this ge?f" exoected for antibody 
25 a fraction of the binding activity ^gj^ been shoW n 
fragments at this concentration a ™ bac terial 

that antibody fragments can be \ ide 9 (ske rra, A. 

raanbr ^ ith A^lSSS Sf^S; Better, M et 
and Pluckthun, A -," 88 10 | C ^S > W ith a consequent increase 
al 1988, Science 240 1 9^' 1 °* 3 L^^ d fragments. These 
in the binding activity of antibody trag bind ing 

n-ethods^require . J «^„i 0 1 ^SL^ -«tll^. 

aCtlV1 !?has IS ~^.*~i^ x *%5S£ enzyme 
domain eg an antibody, «tjta* f ragmen r ^ re ce P« r i ' t ^n 
etc can be held on the bacterial surface in a c g ^ 
which al^ In 
and selection for clones wi bacterial surface is a 

comSex^ruct^e 5 , ^^^^iS 

i S ^^has^^^ ™ 

wS? e foir^^ with a 

surface protein or oac ^ iia a ^; ""Vive" nrolcaryote related 
B £^S typ" of scrSinTng. P In a g Y eneral, their 
° r9 ^H s actively sSnole structure, they can be grown 
surface is _ a relatively amenable to the practical 

easily m large numoers, xney cu= . screening 
handling involved in -ny fS^ti for their own 
50 programmes, «S£le packaae. The difficulty 

synthesis, within a . small ' S3 £P A ^ Droblem of how to use 
has been to practically solve tne p tion patent 

hacterioDhaaes in this manner. A Genex i-orpaiaL * 

55 Sbss.-"=ss s-sra^ tSe 
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expression of antibody molecules, but they do not provide a 
teaching which enables the general idea to be carried out. 
For example WO88/06630 does not demonstrate that any 
sequences: (a) have been expressed as a fusion with gene V; 
(b) have been expressed on the surface of lambda; and (c) 
have been expressed so that the protein retains biological 
activity. Furthermore there is no teaching on how to screen 
for suitable fusions. Also, since the lambda virions are 
assembled within the cell, the fusion protein would be 
expressed intracellularly and would be predicted to be 
inactive. Bass et al., in December 1990 (after the earliest 
priority date for the present application) describe deleting 
part of gene III of the filamentous bacteriophage M13 and 
inserting the coding sequence for human growth hormone (hGH) 
15 into the N- terminal site of the gene. The growth hormone 
displayed by M13 was shown to be functional. (Bass, S., et 
al. Proteins, Structure, Function and Genetics (1990) 8: 
309-314). A functional copy of gene III was always present 
in addition, when' this fusion was expressed. A Protein 
Engineering Corporation patent application WO90/02809 
proposes the insertion of the coding sequence for bovine 
pancreatic trypsin inhibitor (BPTI) into gene VIII of M13. 
However, the proposal was not shown to be operative. For 
example, there is no demonstration of the expression of BPTI 
sequences as fusions with protein VIII and display on the 
surface of M13. Furthermore this document teaches that when 
a fusion is made with gene III, it is necessary to use a 
second synthetic copy of gene III, so that some unaltered 
gene III protein will be present. The embodiments of the 
30 present application do not do this.. In embodiments where 
phagemid is rescued with M13K07 gene III deletion phage, 
there is no unaltered gene III present. 

WO90/02809 also teaches that phagemids that do not 
contain the full genome of M13 and require rescue by 
35 coinfection with helper phage are not suitable for these 
purposes because coinfection could lead to recombination. 

In all embodiments where the present applicants have 
used phagemids, they have used a helper phage and the only 
sequences derived from filamentous bacteriophage in the 
phagemids are the origin of replication and gene III 
sequences • 

WO90/02809 also teaches that their process needed 
information such as nucleotide sequence of the starting 
molecule and its three-dimensioned structure. The use of a 
pre-existing repertoire of binding molecules to select for a 
binding member, such as is disclosed herein, for example 
using an immunoglobulin gene repertoire of animals, was not 
disclosed. Further, they dc not discuss favouring 
variegation of their binding molecules in natural blocks of 
variation such as CDRs of immunoglobulins, in order to 
favour generation of improved molecules and prevent 
unfavourable variations. W090/02809 also specifically 
excluded the application of their process to the production 
of scFv molecules. 
55 *n each of the above discussed patents (W088/06630 and 
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antibody with co-eKpression of * e otner expressed as a 
The two chains were ^^^J^T S the phage (Kang 
functional Fab fragment on the surface ot v _ 

A.S. et al., (1991) Proo. l Natl, ^f-^ Q £ insertion into 
4366) . No disclosure was made of act ivity by ELISA 

gene VIII and the ^?Jf ^^antfbody L chain rather than for 
used a reagent specific f or^taxw^ iggi (after 

phage. A further disclosure P^hed in appli cation) 

the earliest Pf««^? r fW1 da *f a fragment of the AIDS virus 
ascribes the . insertion of a ^ f ragmenx ^ ^ q£ the 

protein gag into the »^££J£ 0 T'oi\te gag protein 
bacteriophage fd. Tne express methods but it was 

fragment %s detected ^ i™ological *f ho ^ d ±n a 
not shown whether or not the P rotei " wa J (1 P 991) Ge ne 99 
functional form ( Tsunetsugu-Yokota Y et ai. I" — 

25 p261-265). bacteriophages in this way is 

The problem of how to use bacteriopnag rted into 

in fact a difficult one The ? P^ in _ Qf the phage coat 
the phage in such a^ way that : the ^^^^t sn0 uld be 
is not undermined, and the pro tein its e respect to 

30 functional- retaining its ta^JP^ ^Se^of choice* is an 
antigen binding. Thus . where * ent g°^ d % orrec tiy and be 
antibody, it should fold efficien problem for 
presented, for J^^J^ld also* provide a 

antibody molecules and * r *??Sie whicn is a member of a 

35 general method for any ^molecule »*i^ ^ enzyraes . 

specific binding pair e.g. receptor raox tQ 

Surprisingly, the W 1 ^^^ displays at its 
construct- a bacteriophage that ^g^^Sing molecule (eg 
surf ace a ;large biologically J«?^^rS«£ois > and which 
40 antibody .fragments, .^.f^f es Tn f Jp^cants have called 
remains intact and ' B v 2? s particle and a binding 

the structure which comprises a virus P -package' . Where 
molecule displayed at the viral surf ace a^ P y S derivat ive 
Hinrtinci molecule is an antibody, an ^^ ie ^ an 
45 oT i^agment, .-or a dog* n ^ " package 'a 

immunoglobulin -domain, the t where the context 
•phage antibody (pAb). p p^e antibody is used 

50 Sonaf W^2£'*I& *« «- viral surface, 
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{Orlandi, R* , et al (1989) PNAS 86 p3833-3837), and in the 
screening of large combinatorial libraries (such as found in 
Huse, W.D. et al., 1989, Science 246, 1275-1281). In 
particular, rounds of selection using pAbs may help in 
rescuing the higher affinity antibodies from the latter 
libraries. It may be preferable to screen small libraries 
derived from antigen-selected cells (Casali, P., et al., 
(1986) Science 234 p476-479 ) to rescue the original VH/VL 
pairs comprising the Fv region of an antibody. The use of 
pAbs may also allow the construction of entirely synthetic 
antibodies. Furthermore, antibodies may be made which have 
some synthetic sequences e.g. CDRs, and some naturally 
derived sequences. For example, V-gene repertoires could be 
made in vitro by combining un-rearranged V genes, with D and 
15 J segments. Libraries of pAbs could then be selected by 
binding to antigen, hypermutated in vitro in the antigen- 
binding loops or V domain framework regions, and subjected 
to further rounds of selection and mutagenesis. 

As previously discussed, separate H and L chain 
libraries lose the original pairing between the chains. It 
is difficult to make and screen a large enough library for a 
particularly advantageous combination of H and L chains. 

For example, in a mouse there are approximately 10 7 
possible H chains and 10 7 possible L chains. Therefore, 
there are 10 ±4 possible combinations of H and L chains, and 
to test for anything like this number of combinations one 
would have to create and screen a library of about 10 14 
clones. This has not previously been a practical 
possibility. 

The present invention provides a number of approaches 
which ameliorate this problem. 

In a first approach, (a random combinatorial approach, 
see examples 20 and 21) as large a library as is practically 
possible is created which expresses as many of the 10 14 
35 potential combinations as possible. However, by virtue of 
the expression of the H and L chains on the surface of the 
phage, it is reasonably practicable to select the desired 
combination, from all the generated combinations by affinity 
techniques (see later for description of selection formats). 
40 In a second approach (called a dual combinatorial 

approach by the present applicants, see example 26), a large 
library is created from two smaller libraries for selection 
of the desired combination. This ameliorates the problems 
still further. The approach involves the creation of: (i) a 
45 first library of say 10 7 e.g. H chains which are displayed 
on a bacteriophage (as a fusion with the protein encoded by 
gene III) which is resistant to e.g. tetracycline; and (ii) 
a second library of say 10 7 e.g. L chains in which the 
coding sequences for these light chains are within a plasmid 
oQ vector containing an origin of replication for a 
bacteriophage (a phagemid) which is resistant to e.g. 
ampicillin (i.e. a differenr antibiotic) and are expressed 
in the periplasmic space of a host bacterium. The first 
iibrar Y is th en used to infect the bacteria containing the 
zo second library "o provide 10 14 combinations of H and L 
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chains on the surface of the resulting phage in the 
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populations, of B 'h^^%J^Tg ^ or DNA, for 
desired antigen. The Snes for display on phage, 

preparing libraries of ant^ody g^Lag^Sth the above 
This technique can be used "I Section of antibody 
mentioned four approaches for selection 

S^iiSTS™^ 32T » SnSale^orT comprehensive 
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libraries of the immune repertoire. This is because the 
phagemid DNA is approximately 100 times more efficient than 
bacteriophage DNA in transforming bacteria (see example 
19). Also, the use of phagemids gives the ability to vary 
the number of gene III binding moecule fusion proteins 
displayed on the surface of the bacteriophage (see example 
17). For example, in a system comprising a bacterial cell 
containing a phagemid encoding a gene III fusion protein and 
infected with a helper phage, induction of expression of the 
gene III fusion protein to different extents, will determine 
the number of gene III fusion proteins present in the space 
defined between the inner and outer bacterial membranes 
following superinfection. This will determine the ratio of 
gene III fusion protein to native gene III protein displayed 
15 by the assembled phage. 

Expressing a single fusion protein per virion may aid 
selection of antibody specificities on the basis of affinity 
by avoiding the 'avidity' effect where a phage expressing 
two copies of a low affinity antibody would have the same 
apparent affinity as a phage expressing one copy of a higher 
affinity antibody. In some cases however, it will be 
important to display all the gene III molecules derived by 
superinfection of cells containing phagemids to have fusions 
(e.g. for selecting low affinity binding molecules or 
improving sensitivity on ELISA). One way to do this is to 
superinfect with a bacteriophage which contains a defective 
gene III. The applicants have therefore developed and used 
a phage which is deleted in gene III. This is completely 
novel . 

The demonstration that a functional antigen-binding 
domain can be displayed on the surface of phage, has 
implications beyond the construction of novel antibodies. 
For example, if other protein domains can be displayed at 
the surface of a phage, phage vectors could be used to clone 
35 and select genes by the binding properties of the displayed 
protein. Furthermore, variants of proteins, including 
epitope libraries built into the surface of the protein, 
could be made and readily selected for binding activities. 
In effect, other protein architectures might serve as 
40 "nouvelle" antibodies. 

The technique provides the possibility of building 
antibodies from first principles, taking advantage of the 
structural framework on which the antigen binding loops 
fold. in general, these loops have a limited number of 
conformations which generate a variety of binding sites by 
alternative loop combinations and by diverse side chains. 
Recent successes in modelling antigen binding sites augurs 
well for de novo design. In ary case, a high resolution 
structure of the antigen is needed. However, the approach 
50 is attractive for making e.g. catalytic antibodies. 
Particularly for small substrates. Here side chains or 
binding sites for prosthetic groups might be introduced, not 
only to bind selectively to the transition state of the 
sui >strate, out also to participate directly in bond making 
55 and breaking. The only question is whether the antibody 
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architecture, specialised for binding, is the best parting 
SSS rebuilding catalysts. Genuine enzyme arcnxtectures 
Such as the triose phosphate isomerase (TIM) barrel, mign^ 
before suTtable. Like antibodies, TIM en^aj«ite« 
framework structure (a barrel of p-stranas and 

KSSties and the CDR loops ^J^S^-iSSk 
an antibody framework or a TIM barrel framewonc. 

i rvn a e a a TIM barrel framework could be further 

?n One class of molecules that couxa oe uwiu* 

tvoe of application are receptors. For example, a specific 
25ptac^Suid be displayed on the surface of the phage ^such 
Sat it w^uld bind its ligand. The receptor could then be 
modified -bv for example, in vitro mutagenesis and variants 
natS higher binding ? af f'inT^oirthe ligand selected The 
selection may be carried out according to one or more of the 
iSSs described below with reference to figure 2 (which 
refe??par??cularly to pAbs) in which the pAb .antibody is 
replaced %* a phage receptor and the antigen with a ligand 

Alternatively, the phage-receptor could be used as the 
basis of a rapid screening system for the binding of 
iJgands, altered ligands, or potential drug <**^*£-*S* 
advantaaes of this system namely of simple cloning, 
c££3K* egression, Jtandard reacts and 
makes the drug screening application particularly 
attractive In the context of this discussion, receptor 
means r molecule that binds a specific, or group of 
specific ligand(s). The natural receptor could be 
SpreVsed' on ?he surface of a population of cells, or it 
SS d be the extracellular domain of such a ^ole^lB 
?whether such a form exists naturally or not), or a soluble 
molecule performing a natural binding function in the 
^lacrtna r>T within a cell or organ. 

"^""Another possibility, is the display of an enzy»« 
molecule or active site of an enzyme molecule on the surface 
of a phage (see examples 11,12,30,31,32 and 36). Once the 
phage enzvme is expressed, it can be selected by «««^J 
chromaJogSphy, for instance on columns *^vatized f with 
transition state analogues. If an enzyme with o different 
™odified specificity is desired, it may be P°ssxble to 
mutate an enzyme displayed as a fusion on bacteriophage and 
then select on a column derivatised with an analogue 
seJected .to have a higher affinity for an enzyme with the 
desired modified specificity. 
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Although throughout this application, the applicants 
discuss the possibility of screening for higher affinity 
variants of pAbs, they recognise that in some 
applications, for example low affinity chromatography 
5 (Ohlson, S. et al Anal. Biochem. 169, p204-208 (1988)), 
it may be desirable to isolate lower affinity variants . 

Examples 21 and 23 show that the present invention 
provides a way of producing antibodies with low 
affinities (as seen in the primary immune response or in 

10 unimmunised animals). This is made possible by 
displaying multiple copies of the antibody on the phage 
surface in association with gene III protein. Thus, pAbs 
allow genes for these antibodies to be isolated and if 
necessary, mutated to provide improved antibodies. 

15 pAbs also allow the selection of antibodies for 

improved stability. It has been noted for many 
antibodies, that yield and stability are improved when 
the antibodies are expressed at 30 °C rather "than 37 °C. 
If pAbs are displayed at 37°C, only those which are 

20 stable will be available for affinity selection. When 
antibodies are to be used in vivo for therapeutic or 
diagnostic purposes, increased stability would extend the 
half -life of antibodies in circulation. 

Although stability is important for all antibodies 

25 and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 
which are formed by the non-covalent association of VH 
and VL fragments. Fv fragments have a tendency to 
dissociate and have a much reduced half-life in 

30 circulation compared to whole antibodies. Fv fragments 
are displayed on the surface of phage, by the association 
of one chain expressed as a gene III protein fusion with 
the complementary chain expressed as a soluble fragment. 
If pairs of chains have a high tendency to dissociate, 

35 they will be much less likely to be selected as pAbs. 
Therefore, the population will be enriched for pairs 
which do associate stably. Although dissociation is less 
of a problem with Fab fragments, selection would also 
occur for Fab fragments which associate stably. pAbs 

40 allow selection for stability to protease attack, only 
those pAbs that are not cleaved by proteases will be 
capable of binding their ligand and therefore populations 
of phage will be enriched for those displaying stable 
antibody domains. 

45 The technique of displaying binding molecules on the 

phage surface can also be used as a primary cloning 
system. For example, a cDNA library can be constructed 
and inserted into the bacteriophage and this phage 
library screened for the ability to bind a ligand. ~ The 

50 ligand/binding molecule combination could include any 
pair of molecules with an ability to specifically bind to 
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one another ..«. ^f^f^S^^^S ^7. 
analogue), nucleic acid f 1 ™^ is available, 

5 othe^member f^Ve^es^ 

of a population of genes cloned ^^vidual nucleotide 
proteins on Phgmor to mutate an in^ mutag enesi S 
sequence. Although Hi SS- iTthelT purpose, a 
10 techniques could be used to ^ mutat:or 

particularly suitable method n±ch cont ains a 

strains. A mutator strain is a strain wni ^ ^ 

genetic defect which causes DNA r ^ ca ^/ H ence if a 
be mutated with respect to its parent ^ ^ introduced 

15 population of genes as gene A diversified and can 

into these strains it will be Srain if desired, 

then be transferred to a nonnm^r Jtx»n^ ^ ^ Qf 
vi-ieniav and selection. Exampxe oo — lo 0 ^ in 

muia^or Strains with phage '?2£ X S1w InSodies li 
vitro mutagenesis and selection ox pnage 
given in example 45). 

Targeted gene transfer aDulications makes use of 

A useful and novel «J °« JJPii" the hage 

the binding protein on the phage _to 9 For 

-Se 

i-£Ess^ aw 

such as in the tec^ique of eleottopo re i eV ant control 
genome would then be ^ reS ^ ianslation and possibly 
signals (for transcription ^ f™™^™ particularly 
replication) were present. This sequence whose 

useful if the phage 9?™ "SS^I ( alSng with the 
exoression was desired m ^^J^^es). A useful 
appropriate expression ^^^^^Istance to the 
sequence might confer ^^g^S^Skon of its 

reC i Pi r? e C : if tne^equencfeiprLsed a detectable gene 
product (e.g. if the sequent ' * white, M, et al, 

product ^f} A . as J 9A ^l ^?0)). or confer a particular 
^H^L'^^it CB. if the target cell was 
pruycujr w.. — - - - sequence aireuucu — 

genef^ STSS^W S «»- product 

designed to be toxic * -11^ expression is 

Alternatively, the sequence ™° - phagemid. 

desired in the target cell can gjgggj™^ a 9 pha ge 

The phagemid DNA W*~ R J2 c g£ l "Tor a cell surface 
displaying an antibody speciric 
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receptor. For example, incorporation mav be by 
superinfection of bacteria containing the phagemid, with 
a heiper phage whose genome encodes the antibody fragment 
specific for the target ceil. The package is then used 
z to direct the phagemid to the target cell. 

This technique of "targeted gene transfer" has a 
number of uses in research and also in therapy and 
diagnostics. For example, gene therapy often aims to 
target the replacement gene to a specific cell type that 

10 is deficient in its activity. Targetting pAbs provide a 
means of achieving this. 

In diagnostics , phage specific for particular 
bacteria or groups of bacteria have been used to target 
marker genes , e.g. lucif erase, to the bacterial host 

15 (sec, for example, Ulitzer, S., and Kuhn, J. , EPA 
85303913.9). If the host range of the phage is 
appropriate, only those bacteria that are being tested 
for, will be infected by the phage, express the 
lucif erase gene and be detected by the light they emit. 

20 This system has been used to detect the presence of 
Salmonella. One major problem with this approach is the 
initial isolation of a bacteriophage with the correct 
host range and then the cloning of a lucif erase gene 
cassette into that phage, such that it is functional. 

25 The pAb system, allows the lucif erase cassette to be 
cloned into a well characterised system (filamentous 
phage) and allows simple selection of an appropriate host 
range, by modifying the antibody (or other binding 
molecule) specificity that the pAb encodes. 

30 The present applicants have also been able to 

develop novel selection systems and assay formats which 
depend on the unique properties of these replicable 
genetic disolay packages e.g. pAbs. 
TERMINOLOGY 

35 Much of the terminology discussed in this section 

has been mentioned in the text where appropriate. 
Specific Binding Pair 

This describes a pair of molecules (each being a 
member of a specific binding pair) which are naturally 

40 derived or synthetically produced. One of the Dair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined as 
complementary with a particular spatial and polar 
organisation of the other molecule, so that the pair have 

45 the property of binding specifically to each other. 
Examples of types of specific binding pairs are antigen- 
antibody, biotin-avidin, hormone-hormone receptor, 
receptor- ligand, enzyme-substrate*, lgG-protein A. 
Multimeric Member 

50 This describes a first polypeptide which will 

associate with at least a second polypeptide, when the 
polypeptides are expressed in free form and/or on the 
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dimer, where there are three, a imeric mem ber may 

5 trimer, multimer etc or : ^ te n ^ 

comprise a member ot a specific b ar g h | a ™ domains based 
P Example mult im er rs are l*^ Qn an 

on an in»i"noglobulin m^^^^ subunits. 
immunoglobulin molecule ^ ( |gdp) 
10 geplica ble Genetic "^^ggg^, 1 ^art icle which has 
This describes a bl °^ ica t_ particle with the 
genetic information P^«™*£ |£ display on its 
ability to replicate. The PJ^g de . The polypeptide 
surface at least part of a . P 0 ^^^ native to the 
15 can be encoded »r_*«^ gg£ into the particle or 

L^celto^ 

^ ^L^^ X T l L^^ molecule, an 

enzyme or a receptor etc. bacteriophage such 

The particle may be a virus eg. 

as fd or M13. 

Package ,- on licable genetic display package 

this descrxbes a _ re P^ c ^;® ?* ing a member of a 

in which the particle is ^^ n % he package may be 
ap^^-biJia^-^ ^ ^^ 1 ^^^ Ending domain 
a ,Tts e sSac g e' paWt- been called a 

phage antibody ( pAb ) . 

Antibody . m m,mnalobulin whether natural or 
-This describes an ^^^oj^" term also 

partly or wholly ^^f 1 / £S domain which is 
covers any protein na ^ n 9 * D binding domain. These 

or wholly synthetical immu noglobulin isotypes 

Example ff^^f^a^^ Fd fragments, 
and the Fab, F(ab x ) 2 , scFV < tv ' 

Tnummoalobu."" Superfamiiy DOlYpe ptides , the members 

descr ibes a i tjuly of poiypp ^ & ^ 

of which have at least constant domain of 

related to that of the variab. or contains ^o p- 
i^un^u^^molecul^ bon , A . F . 

; i i!liams''and"A:N/Barclay 1988 Ann. Rev immune. « 

381-405). _ immunoa iobulin superfamily are 

Example members of an im * uno 9±r re ceDtor ( PDGFR ) , 
CD4 , platelet derived ^^J^c^^e^ where 
intercellular adhesion refe reuce to 

*0 the context ° th erwise dictates in this 

immunoglobulin 
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superfamily and homologs thereof* 
Homologs 

This term indicates polypeptides having the same or 
conserved residues at a corresponding position in their 
5 primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
homologous polypeptides. 

Example homologous peptides are the immunoglobulin 
isotypes . 
10 Functional 

In relation to a sbp member displayed on the surface 
of a rgdp, means that the sbp member is presented in a 
folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 
15 to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 
In this respect, it differs from the peptides of Smith et 
al, supra, which do not have a definite folded 
configuration and can assume a variety of configurations 
20 determined by the complementary members with which they 
may be contacted. 

Genetically diverse population 

In connection with sbp members or polypeptide 

components thereof, this is referring not only to 
25 diversity that can exist in the natural population of 

cells or organisms, but also diversity that can be 

created by artificial mutation in vitro or in vivo . 

Mutation in vitro may for example, involve random 

mutagenesis using oligonucleotides having random 
30 mutations of the sequence desired to be varied. In vivo 

mutagenesis may for example, use mutator strains of host 

microorganisms to harbour the DNA (see Example 38 below). 

Domain 

A domain is a part of a protein that is folded 
35 within itself and independently of other parts of the 
same protein and independently of a complementary binding 
member. 
Folded Unit 

This is a specific combination of an a-helix and/or 
40 p-strand and/or p-turn structure. Domains and folded 
units contain structures that bring together amino acids 
that are not adjacent in the primary structure. 
Free Form 

This describes the state of a polypeptide which is 
45 not displayed by a replicable genetic display package. 
Conditionally Defective 

This describes a gene which does not express a 
particular polypeptide under one set of conditions, but 
expresses it under another set of conditions. An 
50 example, is a gene containing an amber mutation expressed 
in non- suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which is 
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50 



defective under one set of conditions, but not under 
So?Sr set. An example is a gene with a temperature 
sensitive mutation . 

"^^r^s^y^fa^ows the translation 



10 codons 

Mutator Strain 



Thlf is a host cell which has a genetic defect which 
causes DNA replicated within it to be 
respect to its parent DNA. Example mutator strains are 
15 NR9046mutD5 and NR9046 mut Tl (see Example 38). 

B * 1P *£ffl?» a phage which is used to infect cells 
containing a defective phage genome and which funat^aoa 
S complement the defect. The defective phage jenome^can 
20 be a phagemid or a phage with some iui^a u .. ^ZZ^iivm' 
secuences " removed. Examples of helper phages are M13K07, 
S?3KoT genflll no. 3; and phage displaying or encoding 
a binding molecule fused to a capsid protein. 

vector . 

,5 This is a DNA molecule, capable of replication in a 

host organism, into which a gene is inserted to construct 
a recombinant DNA molecule- 

?haqe Th?fis a vector derived by modification of a phage 
30 genome, containing an origin of replication for a 
bacteriophage, but not one for a- plasmid. 
Phagemid^ector ^ mQdif . cation of a 

' plasmid genome, containing an origin of replication for a 
35 bacteriophage as well as the plasmid origin of 
replication. 

SeCr6 Thi s describes a rgdp or molecule that associates 
with the member of a sbp displayed on the rgdp, in which 
the sbp member and/or the molecule, have been folded and 
the packagiTasseinbled externally to the cellular cytosol. 
Repertoire of Rearranged Immu noglobulin Genes 

P A collection of n aturally occurring nucleotides eg 
dna seauences which encoded expressed immunoglobulin 
45 genes in an animal. The sequences are generaxeu *iy 

in vivo rearrangement of eg V, D and J segments for H 
tSainFand eg the V and J segments for L chains. 
Alternatively the sequences may be generated from a ceil 
line immunised in vitro and in which the rearrangement in 
response to immunisation occurs intracellular ly. 

Llbra A Y C ollection of nucleotide eg DNA, sequences within 
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clones . 

Repertoire of Artificially Rearranged Immunoglobulin 
Genes 

A collection of nucleotide eg DNA, sequences derived 
5 wholly or partly from a source other than the rearranged 
immunoglobulin sequences from an animal. This may 
include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J. segments 
and DNA sequences encoding VL domains by combining V and 
10 J segments. 

Part or all of the DNA sequences may be derived by 
oligonucleotide synthesis. 
Secretory Leader Peptide 

This is a sequence of amino acids joined to the N- 
15 terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 
Eluant 

This is a solution used to breakdown the linkage 
between two molecules. The linkage can be a non-covalent 
20 or covalent bond(s). The two molecules can be members of 
a sbp. 
Derivative 

This is a substance which derived from a polypeptide 
which is encoded by the DNA within a selected rgdp. The 

25 derivative polypeptide may differ from the encoded 
polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypetide. These changes may 
be made at the nucleotide or protein level. For example 

30 the encoded polypeptide may be a Fab fragment which is 
then linked to an Fc tail from another source. 
Alternatively markers such as enzymes, flouresceins etc 
may be linked to eg Fab, scFv fragments. 

The present invention provides a method for 

35 producing a replicable genetic display package or 
population such rgdps of which method comprises the steps 
of: 

a) inserting a nucleotide sequence encoding a member of 
a specific binding pair eg. a binding molecule 

40 within a viral genome; 

b) culturing the virus containing said nucleotide 
sequence, so that said binding molecule is expressed 
and displayed by the virus at its surface. 

The present invention also provides a method for 
45 selecting a rgdp specific for a particular epitope which 
comprises producing a population of such rgdps as 
described above and the additional step of selecting for 
said binding molecule by contacting the population with 
said epitope so that individual rgdps with the desired 
50 specificity may bind to said epitope. The method may 
comprise one or more of the additional steps of: ( i ) 
separating any bound rgdps from the epitope; (ii) 
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recovering any separated rgdps and Jj^^^X 
inserted nucleotide ^"^JSe the binding molecule 
a recombinant system to PJ°^ *»J *™ isolate the 
separate from virus. The flection step ma * le of 

nucleotide sequence encoding ^ e s ^ binding molecule 
desired specificity, by virtue of *^ p bx ^j* " o£ the 

product multimeric member of a specific binding pair 
(sbo) which method comprises: M = -First 

expressed from nuclexc acid that is «p 30 b the 

Stref may be expressed in the sa»e host 

organism.: ^ ^ o£ Mld nuitimer may be 

expresses as separate chains fro. a Single vector 

expressedtfrom a phage vector. ^ 

co^e^ti^Sage^: to J-PP™ *2£2 

genoma. and ^said ^>^ £ ^f^V 

sail S polypeptide in free ^into^host organism 
45 ^^S^S^^pressad from 
n„ c i eic^c?d Whteh is capable of being packaged as a rgdp 
usin^ saTd component fLion product, whereby encoding 
nuclei! acid for both said polypeptide chains are 
50 nackaged in respective rgdps. 

SO P acKa | he nucleic acid encoding at least one of said first 
and second polypeptide chains may be obtained from a 
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library of nucleic acid including nucleic acid encoding 
said chain or a population of variants of said chain. 
Both the first and second polypeptide chains may be 
obtained from respective said libraries of nucleic acid. 

The present invention also provides a method of 
producing a member of a specific binding pair (sbp), from 
a nucleic acid library including nucleic acid encoding 
said sbp member or a generically diverse population of 
said type of sbp members, which method comprises: 

expressing in recombinant host cells polypeptides 
encoded by said library nucleic acid fused to a 
component of a secreted replicable genetic display 
package (rgdp) or in free form for association with 
a polypeptide component of said sbp member which is 
15 expressed as a fusion to said rgdp component so that 

the rgdp displays said sbp member in functional form 
at the surface of the package, said library nucleic 
acid being contained within the host cells in a form 
that is capable of being packaged using said rgdp 
component, whereby the genetic material of an rgdp 
displaying an sbp member contains nucleic acid 
encoding said sbp member or a polypeptide component 
thereof . 

The nucleotide sequences for the libraries may be 
derived from eg animal spleen cells or peripheral blood 
lymphocytes. Alternatively the nucleotide sequence may 
be derived by the in vitro mutagenesis of an existing 
antibody coding sequence. 

The present invention also provides a method of 
30 producing a member of a specific binding pair (sbp), 
which method comprises: 

expressing in recombinant host cells nucleic acid 
encoding said sbp member or a genetically diverse 
population of said type of sbp member wherein the or 
55 each said sbp member or a polypeptide component 

thereof is expressed as a fusion with a component of 
a secreted replicable genetic display package (rgdp) 
which displays said sbp member at the surface of the 
package, nucleic acid encoding said sbp member or a 
polypeptide component thereof being contained within 
the host cell in a form that is capable of being 
packaged using said rgdp component whereby the 
genetic material of the rgdp displaying said sbp 
member encodes said sbp member or a polypeptide 
component thereof, said host organism being a 
mutator strain which introduces genetic diversity 
into the sbp member to produce said mixed 
population. 

The present invention also provides a method of 
producing a member of a specific binding pair (sbp), 
which method comprises: 

expressing in recombinant host cells nucleic acid 
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„-r- a oeneticallv diverse 
encoding said sbp menfcer or a J vheI £ ±n the or 
population of said type or sr>p me component 
each said sbp memoer or a ^ P 01 ^ a como0 nent of 
thereof is expressed "J^ 1 ^^ package (rgdp) 
5 a secreted ^Plicable genetic dispx^ y.^ f ^ ^ 

which displays saxd sbp ^ember in ^ ^ 
the surface of the P^J^' ±de comp0 nent thereof 
said sbp member or a P°i^S cell in a form that 
being contained I withir .the ^t^ll ^ 

10 is capable of a ^££? ferial of the rgdp 

component whereby the 9 ^^des said sbp member or 
displaying an sbp «5f t £££?. s £d fuSions being 

a P°lyP e P tid ^SSr^Ps?r protein and the rgdps 
with bacteriophage capsia * in the absence of 
15 being formed with said ^Jions m 

15 said capsid ^P res %f on in Jf S o Slides a method of 

The present "J-f^S ° b J£ing pair (sbp) which 
nroducing a member of a specinc 

. t a I cos i -.t_ .n »r*id 

expressing in recombinant nos cally dive rse 

encoding said sbp member or a g member or a 
population of saia f d to a component 

polypeptide^ component -^^J^ aisp iay package 
of a secreted J^^lt sbp member in functional 
(rgdp) which displays sa ia s * nucleic acid 

form at the surf ace of ^VSSUtide component 
encoding said s bp , member "^gf nOS t cell in a 
thereof being cont^ned "£2** packaged using said 
form that is capable of ° e "l 9 P ±c Serial of the 
on rgdp component whereby the genetic lype p t ide 

30 rgd? displaying an sbp memDer ox ? * £J* or a 

component thereof ^^^f sa Jd sbp member or 
polypeptide compommt thereof ^ s n aia exoressed f rQ m a 
polypeptide component thereof be g 

35 P h ^ id H nirls%ng co^pTeWe^ting phage genes, is 

use P d la Son^ e w??rsai 9 d caplid fusions to package the 

• T ^e 5 Sbrary C of genetically diverse population may be 
40 obtained from: . f rear ranged immunoglobulin 

U) .^s r :r "^a°l in^Sse/with complementary 

- : S p member raarra nged immunoglobulin 

ge^es "in animal not immunise* 

.iiir r^Soire^r^ficiallv rearranged 

50 : genes; or . (iii) and (iv). 

i n h e i c^r^teiT^ < Ve absent' active or 
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conditionally defective in the helper phage. 

The host cell may be a mutator strain which 
introduces genetic diversity into the sbp member nucleic 
acid. 

5 The sbp member may comprise a domain which is, or is 

homologous to, an immunoglobulin domain. 

The rgdp may be a bacteriophage, the host a 
bacterium, and said component of the rgdp a capsid 
protein for the bacterophage . The phage may be a 

10 filamentous phage. The phage may be selected from the 
class I phages fd, M13, fl, Ifl, ike, ZJ/Z, Ff and the 
class II phages Xf, Pfi and Pf3. The phage may be fd or 
a derivative of fd. The derivative may be tetracycline 
resistant. The said sbp member or polypeptide chain 

15 thereof may be expressed as a fusion with the gene III 
capsid protein of phage fd or its counterpart in another 
filamentous phage. The sbp member or polypeptide chain 
thereof may be inserted in the N-terminal region of the 
mature capsid protein downstream of a secretory leader 

20 peptide. The sequence may be inserted after amino acid 
+1 of the mature protein. The site for insertion may be 
flanked by short sequences corresponding to sequences 
which occur at each end of the nucleic acid to be 
inserted. For example where 4 the protein domain is an 

25 immunoglobulin domain, the insertion site in the phage 
may be flanked by nucleotide sequences which code for the 
first five amino acids and the last five amino acids of 
the Ig domain. Such flanking nucleotide sequences are 
shown in figure 4(2) B and C, wherein the site-flanking 

30 nucleotide sequences encode amino acid sequences QVQLQ 
and VTVSS which occur at either end of the VH domain, or 
QVQLQ and LEIKR which occur at either end of the Fv 
(combined VH + VL) domain. Each of these sequences 
flanking the insertion site may include a suitable 

35 cleavage site, as shown in Fig 4. 

Alternatively, the flanking nucleotide sequences 
shown in figure 4(2)B and C as described above, may be 
used to flank the insertion site for any nucleic acid to 
be inserted, whether or not that nucleic acid codes an 

40 immunoglobulin. 

The host may be E.coli. 

Nucleic acid encoding an sbp member polypeptide may 
be linked downstream to a viral capsid protein through a 
suppressible translational stop codon. 

45 A s previously mentioned, the present invention also 

provides novel selection systems and assay formats. In 
these systems and formats, the gene sequence encoding the 
binding molecule (eg. the antibody) of desired 
specificity is separated from a general Dopulation of 

50 rgdps having a range of specifies, by the" facr of its 
binding to a specific target (eg the antigen or epitope). 
Thus the rgdps formed by said expression may be selected 



4 PCI7GB91/01134 

WO 92/01047 



or screened to provide an .individual J^J^^ 
selected mixed population « «xd^J acid encoding said 
in their respective r 3 a P s /^ ^^ereof . The rgdps may 

- J? 'SZZT* ^5S^^— complementary to 

^ bound - sai. ^^ -J hi - 

recovered by or a der tc ^ obtain rgdps with 

conditions may be var \ e f f ^ for said epitope. 
10 different binding aff^xtxes rgdpSf the 

Alternatively, to ** ain a ^Jr* > maY be presented to 
complementary member (eg ^ epxtop e) may P^^ ^ a 

the population of rgdps (eg P«J»^ i a hi Y ner affinity 
binding member in bound binding 

15 for the ^°P% h w e xl el ^f^y contain a molecule which 
member. Thus the <^*»J "binding to the complementary 
competes with said rgdp for binflingt said 
r~ Kn momher. The rgdp may be appii* _ mrt1c> ™,le 
complementary W member ir j^JP^^i^ "to"said 

20 which competes with said P«*JJJ arid derived from a 
complementary sbp jnember . »^iVd to express said sbp 
selected or screened rgdp may ne use th ereof in a 

member or a fragment o'^^S?^ one or more 
rBO^imt ^c^a^^^^J^ encoding nucleic 

- 2fd%^^ 

moSSed to produce a ^^^S^ hereof may 
i0 be u»-.*3rS^ « prophylactic 

cells harbouring a library of ^J^^iy d ? V erse 
comprising fragments ^ding a SJ^^Jking pai r 
popSlaticavof a type of £?%££ZZ component thereof 
(sbp), each sbp " ie ^ er a ° r Fl f s ?° r ; yF ^ th a component of a 
being expressed as a n J^° n di ;j lay package (rgdp), so 
secretable replicable f^tic display p a Qf ^ 

that said sbp members are ^■P£j e l£t lc material of the 
rgdps i»-^f5^JgS«8^SS»r or a polypeptide 
5^^^T X ^1W.- o£ sbp members may^be 
^o7lob«T£ns. or "^f" 1 ^^ fusion 

^ -^^B^ ^ P-e 
whose^eh^^^ SffJ^ 
SfcSdlSSaSy o^&r^SScf^ said capsid 
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protein in defective or conditionally defective form. 

The present invention also provides a bacterial host 
cell containing a filamentous phage genome defective for 
a capsid protein thereof and wherein the host cell is 
5 capable of expressing capsid protein complementing said 
defect such that infectious phage particles can be 
obtained therefrom. The complementing capsid protein may 
be expressed in said host from another vector contained 
therein. The defective capsid protein may be gene III of 
10 phage fd or its counterpart in another filamentous phage. 

The present invention also provides recombinant 
E.coli TGI M13K07 gill No. 3 (NCTC 12478). 

The present invention also provides a phage antibody 
having the form of a replicable genetic display package 
15 displaying on its surface in functional form a member of 
a specific binding pair or a specific binding domain 
thereof . 

In the above methods, the binding molecule may be an 
antibody, or a 'domain that is homologous to an 

20 immunoglobulin. The antibody and/or domain may be either 
naturally derived or synthetic or a combination of both. 
The domain may be a Fab, scFv, Fv dAb or Fd molecule. 
Alternatively, the binding molecule may be an enzyme or 
receptor or fragment, derivative or analogue of any such 

25 enzyme or receptor. Alternatively, the binding molecule 
may be a member of an immunoglobulin superfamily and 
which has a structural form based on an immunoglobulin 
molecule. 

The present invention also provides rgdps as defined 

30 above and members of specific binding pairs eg. binding 
molecules such as antibodies, enzymes, receptors, 
fragments and derivatives thereof, obtainable by use of 
any of the above defined methods. The derivatives may 
comprise members of the specific binding pairs fused to 

35 another molecule such as an enzyme or a Fc tail. 

The invention also includes kits for carrying out 
the methods hereof. The kits will include the necessary 
vectors. One such vector will typically have an origin 
of replication for single stranded bacteriophage and 

40 either contain the sbp member nucleic acid or have a 
restriction site for its insertion in the 5 f end region 
of the mature coding sequence of a phage capsid protein, 
and with a secretory leader coding sequence upstream of 
said site which directs a fusion of the capsid protein 

45 exogenous polypeptide to the periplasmic space. 

The restriction sites in the vectors are preferably 
those of enzymes which cut only rarely in orotein coding 
sequences . 

The kit preferably includes a phagemid vector which 
50 may have the above characteristics, or may contain, or 
have a site for insertion, of sbp member nucleic acid for 
expression of the encoded polypeptide in free form. 



^ PCT/GB91/01134 



WO 92/01047 



24 

The M« wiH also contain «^SJ^TZSL 

the stop members are 
10 characteristics: i- Q the 5' end of the sense 

< i ) S^-^sSTf"^- encoding domains 

of antibodies; and seau ences 5' to these 

(ii) primers including . «9 8 Corporate restriction 
15 U ^°9° u ^^^^ together with 

sites to allow ■^« r £2L£y ° of amplified VH and VL 

£gg?*i enzymes are ^^f^ s Sf or 
preparation of unrearranged 
lab fragments /derive^ f ^ o r ^^ 0 the strategies 
immunoglobulin genes according 

described herein- ^ rhosen the filamentous F- 

The applicants have^ chosen type of 

^^^^ 

L^i^^f23£^ and 

^Tri-^ti" suns?^ «.-- ! "Sii b s 

evolve? a BB ?hod o£ Nicies for 

host cell and they are use a o nNA Replication, W.H. 
recombinant DNA (Kornberg , A DNA R P ^ e 
Freeman and Co., San J*J» x ^co is » ^ q£ fd 
stranded DNA genome < a WJ2SS^l ««»brane where it 
extruded through t H ne m ^ Cte = o produce mature virions, 
sequesters capsid lum in length and 

These virions are 6 nm in dl ^ ter iecu 7 es of the major 
each contain approximately 2 BOu n, ^ f 

coat protein ^°^J^ VX l 2ioiUe gene III protein 

Tnr structure has been reviewea oy — g ^old Spring 
In The Single Stranded DN A Phages 557 ^ 

S^mffS^i- the phagl to the bacterial F- 
PilUS Although these »Z^* ^ 

normal replication diction of som } This 
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recognized that gene III of phage fd is an attractive 
possibility for the insertion of biologically active 
foreign sequences. There are however, other candidate 
sites including for example gene VIII and gene VI, 
5 The protein itself is only a minor component of the 

phage coat and disruption of the gene does not lead to 
cell death (Smith, G. 1988, Virology 167: 156-165). 
Furthermore, it is possible to insert some foreign 
sequences (with no biological function) into various 

10 positions within this gene (Smith, G. 1985 Science 228 : 
1315-1317., Parmley, S.F. and Smith, G.P. Gene: 73 (1988) 
p. 305-318., and de la Cruz, V.F., et al., 1988, J. Biol. 
Chem., 263 : 4318-4322). Smith et al described the 
display of peptides on the outer surface of phage but 

15 they did not describe the display of protein domains. 
Peptides can adopt a range of structures which can be 
different when in free solution, than when bound to, for 
example, an antibody / or when forming part of a protein 
(Stanfield, R.I. et al., (1990) Science 248, p712-719). 

20 Proteins in general have a well defined tertiary 
structure and perform their biological function only when 
adopting this structure. For example, the structure_af 
the antibody D1.3 has been solved in the free form and 
when bound to antigen (Bhat, T.N. et al., (1990) Nature 

25 347, p483-485). The gross structure of the protein is 
identical in each instance with only minor variations 
around the binding site for the antigen. Other proteins 
have more substantial conformation changes on binding of 
ligand, for instance the enzymes hexokinase and pyruvate 

30 dehydrogenase during their catalytic cycle, but they 
still retain their overall pattern of folding. This 
structural integrity is not confined to whole proteins, 
but is exhibited by protein domains. This leads to the 
concept of a folded unit which is part of a protein, 

35 often a domain, which has a well defined primary, 
secondary and tertiary structure and which retains the 
same overall folding pattern whether binding to a binding 
partner or not. The only gene sequence that Smith et 
al., described that was of sufficient size to encode a 

40 domain ( a minimum of perhaps 50 amino acids ) was a 335bp 
fragment of a p-galctrosidase corresponding to 
nucleotides 861-1195 in the p-galactosidase gene sequence 
(Parmley, S. + Smith, G.P. 1988 supra. This would encode 
112 amino acids of a much larger 380 amino acid domain. 

45 Therefore, prior to the present application, no 
substantially complete domain or folded unit had been 
displayed on phage. In these cases, although the 
infectivity of the virion was disrupted, the inserted 
sequences could be detected on the phage surface by use 

50 of e.g. antibodies. 

The protein encoded by gene III has several domains 
(Pratt, D., et al., 1969 Virology 39:42-53., Grant, R.A., 
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et al.. 



oc:*;. =^Q-546 and Armstrong, 

. 1.981, J. Biol. ^-^2 1981 ) including: (i) 

j., et a*...: :ms -Lett • ^ 'the protein to the cell 

a signal se^ence that directs rn P r d 

. membrane and wmch ^J^^Zto the bacterial cell 
5 that anchors the mature P rotei " "T. and (ii i) a domain 
3 membrane (and ff"*^Al^«, the F- 
that specifically binds to the pnag sequences derived 
pilus of the host D 30 *^ 1 ^* „ Parted into two places 
Son protein molecules have ^Jf""* - *^ supra", and 
10 within the mature «o*jeula < Sm ^' ^a.) . Namely, into 
Parmley, S.F- and Smitn a ^ also between amino acids 2 and 
an inter-domain region and | ls ° siteS at the N- 

3 at the N-termxnus ^JJSl in maintaining the 
terminus were more succes S * UA XI pro tein and 

15 structural integrity of ^Jf^ % ^ phage . By 

displaying the Pept^ 3 son peptides, the peptides 
use of antisera specific for tne v v h& Qn the 

,-„^;:into this position were snown__ to 
surTace- of the phage These 5 0 wever7 the 

20 purify ^ tW, Wv.'W tS^pSTSfl not possess 

it is R ^sl^ ^ c F i £l^n«ru^ 
natural state is f*f fl * u "- ™ contrast, retaining the 
of the molecule are heavy. a" ant , cpra is a passive 
anility to be bound b7 JP^^^^SLito on the 
process which ^^.^Se, it is the rule 
structure of the molecule. For ^pie- an tisera will 
rather than the exception f 8 ^ J°^ i0 ically inactive, 
recognise totally ^^ d : g ^ A f ^SS». y ^rl^ t B. 
proteins on Western blots (see »r Manu al, Cold 

and Lane, D. , . .^ t3 ^ M ^ 8 L Sl^. The«fora, the 
Spring Harbor Laboratory Pres » ^ i- hei r 

insertion of peptides into » «J£°£ teaches only that 
structure to be probed .«2tS^SSnces to be exposed 
the region allows th « ^ n f f e Jon S "suitable for the 
and does not teach that the region structural 

insertion of . 1^ ™% a molecule with a 

constraints for the d^fpW or ^ it d oes 

biological or binding ^f^ d proteins can be 

not teach that domains or «old«d^ uni t p ^ 

Qisyiajcu -7- ,„-*-h western blots is a y 

This experience Wlt h western re taining the 

practical . demonstration which <%£jg* a £ m m* £ J less 
ability to be bound * 8 gSg° I fST polypeptide, than 
rigorous demands on the structure ° x J J JJL£ function. 
Sis folding for the retention or a ^^^tcoli have 
Studies have been carried out, in a-adranergic 
50 been manipulated ^ n ^ S \ h t%JS ^ran, protein 
iamB Pt ° r TS l-a^g^eceptor was expressed in a 
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functional form as determined by the presence of binding 
activity. However, when an equivalent antibody fusion 
was made with lamB, the antibody fusion was toxic to the 
host cell. 

3 The applicants have investigated the possibility of 

inserting the gene coding sequence for biologically 
active antibody fragments into the gene III region of fd 
to express a large fusion protein. As is apparent from 
the previous discussion, this approach makes onerous 
10 demands on the functionality of the fusion protein. The 
insertion is large, encoding antibody fragments "of at 
least 100-200 amino acids; the antibody derived domain 
must fold efficiently and correctly to display antigen- 
binding; and most of the functions of gene III must be 
15 retained. The applicants approach to the construction of 
the fusion molecule was designed to minimise the risk of 
disrupting these functions. In an embodiment of the 
invention, the initial vector used was fd-tet (Zacher 
A.N., et al., 1980, Gene 9, 127-140) a tetracycline 
20 resistant version of fd bacteriophage that can be 
propagated as a plasmid that confers tetracycline 
resistance to the infected E.coli host. The applicants 
chose to insert after the signal sequence of the fd gene 
III protein for several reasons. In particular, the 
25 applicants chose to insert after amino acid 1 of the 
mature protein to retain the context for the signal 
peptidase cleavage. To retain the structure and function 
of gene III itself, the majority of the original amino 
acids are synthesized after the inserted immunoglobulin 
30 sequences. The inserted immunoglobulin sequences were 
designed to include residues from the switch region that 
links VH-VL to CH1-CL (Lesk, A., and Chothia, C, Nature 
335, 188-190, 1988). 

Surprisingly, by manipulating gene III of 
35 bacteriophage fd, the present applicants have been able 
to construct a bacteriophage that displays on its surface 
large biologically functional antibody, enzvme, and 
receptor molecules whilst remaining intact and 
infectious. Furthermore, the phages bearing antibodies 
40 of desired specificity, can be selected from a background 
of phages not showing this specificity. 

The sequences coding for a population of antibody 
molecules and for insertion into the vector to give 
expression of antibody binding functions on the phage 
45 surface can be derived from a variety of sources. For 
example, immunised or non-immunised rodents or humans, 
and from organs such as spleen and periDheral blood 
lymphocytes. The coding sequences are derived from these 
sources by techniques familiar to those skilled in the 
50 art (Orlandi, R. , et al., 1989 supra; Larrick. J.W., e t 
ax., 1989 supra; Chiang, Y.L., et al . , 1989 Bio 
Techniques 7, p. 360-366; Ward, E.S, et al., 1989 supra; 
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Sastry, L.. et al., 198, supra > or by novel 

strangles ^^^.^ST^ exloiel 7. 25, 33, 39 
Novel strategies are <tes«^ed in ^ ies Fab and Fv 
and 40 for dispxaymg dimer icmol ecux * ndiv±<iual pAb 
5 fragments on the surf ace o* •JJ^ 11 express anybodies 
ln ^ffl^Sitt that are monoclonal with 
resp^^ is 
The ^^^^^^caSTSSctSu^ in the 
10 important and ^ovxdes a ^^"^^ of biological 

SSe»2 ^ents and derivatives by the 

" - liTSSa "^"SSJSf^ con°t r ainl h n e g 
15 production of antibodies ^^^^ypeptide chains is 
sequences coding- for the ^^^^Ybody polypeptides 
used to transform e.g. E.co xi. standard screening 

are expressed and detected by use _ or * b d po lvpeptide 
svstemi. When the screen aetects an J n ^ 0 b0 2 t: S rn yP to t, the 
20 of the desired speciix C xu y ^ -~- s . des ired 
particular transformed J;°°i^ or ! X thl vector containing 
Sntibody ^7^^' £ J^S^^tiM7 polypeptide 

25 P-ces^ eps.^ invention however the desired 

antibody polypeptide ^« e ^ reS T S s me aS SS when ?he 
with its gene coding sequence ™f r 2 an speclf lci ty is 
an antibody polypeptide . o£ tc f the original 

30 selected, there ^ ^ need Furthermore, in 

culture for + s ° latxo "°* d ^ re Sant techniques, each 
previous methods xn sta ^f^J^ C °^l to be screened 
clone expressing an ^°2 D provides for the 

individually, .^^^S^SS^Lb with desired 

35 rroperi°ies°and Cl Srs 3? -Sires screening of clones 

from an enriched pool. ± novel structure that 

Because a rgdp ( eg a ^ xs a ir (eg . ^ 

displays a prober of a ^specx specificity) at 

antibody of monoc ^^^^^j^iJ^Ib structure 
the surface of a relatively s p encoding the 

also containing tbe ae "^ C ^ t o the complementary 
member, rgdps eg P^ «JJ ' (eg antiaen) can be 
ffl p m her of the specific binding P^JJfs^ „.,_<-„ n££ t he 

"recovered very fo^Spx^dieVh^Ialnine, high 

complementary «^J^ a f ^ u JSSle bactlria. or by 

S£JK Swi^ ^Hherl 
W SS^S, Worlgi-1 bacterial 

Cl ° n %S a UrpSoses° Tor^xample immunoprecipitation 
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and some diagnostic tests, it is advantageous to use 
polyclonal antibodies or antibody fragments. The present 
invention allows this to be achieved by either selection 
of an enriched pool of pAbs with desired properties or by 
5 mixing individually isolated clones with desired 
properties. The antibodies or antibody fragments may 
then be expressed in soluble form if desired. Such a 
selected polyclonal pAb population can be grown from 
stocks of phage, bacteria containing phagemids or 
10 bacteria expressing soluble fragments derived from the 
selected polyclonal population. Thus a reagent 
equivalent to a polyclonal antiserum is created which can 
be replicated and routinely manufactured in culture 
without use of animals. 
15 SELECTION FORMATS AND AFFINITY MATURATION 

Individual rgdps eg pAbs expressing the desired 
specificity eg for an antigen, can be isolated from the 
complex library using the conventional screening 
techniques (e.g. as described in Harlow , E. , and Lane, 
20 D., 1988, supra Gherardi, E et al. 1990. J. Immunol, 
meth. 126 p61-68). 

The applicants have also devised a series of novel 
selection techniques that are practicable only because of 
the unique properties of rgdps. The general outline of 
25 some screening procedures is illustrated in figure 2 
using pAbs as an example type of rgdp. 

The population/library of pAbs to be screened could 
be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 
30 antibodies (using techniques well-known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J., et 
al., 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Laboratory Press). This population can be 
screened in one or more of the formats described below 
35 with reference to figure 2, to derive those individual 
pAbs whose antigen binding properties are different from 
sample c. 
Binding Elution 

Figure 2(i) shows antigen (ag) bound to a solid 
40 surface (s) the solid surface (s) may be provided by a 
petri dish, chromatography beads, magnetic beads and the 
like. The population/library of pAbs is then passed over 
the ag, and those individuals p that bind are retained 
after washing, and optionally detected with detection 
45 system d. A detection system based upon anti-fd antisera 
is illustrated in more detail below in example 4. If 
samples of bound population p are removed under 
increasingly stringent conditions, the binding affinity 
represented in each sample will increase. Conditions of 
50 increased stringency can be obtained, for example, by 
increasing the time of soaking or changing the pH of the 
soak solution, etc. 
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Competition e antigen ag ^ 

bound to a so?5 Support s^nd bound to saturation by the 

5 pA^r a^se? 9 of 0l SnreIa?ed pAbs*) * ^of^ef ^ ?ne 
couple? only Jhole that have higher affinity for antigen 
STSS'c wUl bind. in most examples, only a minority 
3 rTuiatSn c will be displaced by individuals from 
If c is a traditional antibody molecule, 

15 bSd population p is then " ttuc ^ y * ^ 

SSScJTS Kn^o^efy useful 7n ? the 
pharma ce^ 

numerous uses in research and the diagnostic and 
pharmaceutic to select directly for 

25 anti-idiotype antibodies. pAbs would give the ability to 
£ thTs directly by binding pAb libraries (eg a naive 
Sbrary) to B cells (which express antibodies on their 

anfibodv that does not bind the antigen. 

anti ^owevS, if c is a pAb, then either or both c and P 
can advantageously be marked xa some way to both 
distinguish and select for bound p over bound c. This 
markinFcan be physical, for example by ^'^ lling FQ l 
with biotin; or more advantageously, genetic. ror 
Sample c can be marked with an EcoB restriction site 
STSt* can be marked with an EcoK «str±ctton siteUae 
Carter P. et al., 1985, Nucl. Acids Res. 13, 4431-4443). 
5S bo^ P + c are eluted from the antigen and used to 
inSct suitable bacteria, there is restriction (and thus 
no Sow?h) of population c (i.e. EcoB restricting 
Eacter™ tn this LSmple). .Any .^ge^grew would be 
oreatlv enriched for tnose maiviuuais r ---- -— =7— 

binding affinities. Alternatively, the genetic narking 
cS be 9 achieved by marking p with new sequences ^ which 
can be used to specifically amplify p from the mixture 
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example PGR or bacterial infection, it is also POJ"^ 
to rescue the desired specificity even, when insufficient 
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individuals are bound to allow detection via conventional 
techniques . 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity 
or affinity wil„ often be elution from an affinity matrix 
with a ligand (eg example 21). Elution with increasing 
concentrations of ligand should elute phage displaying 
binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 
avidity (or another protein to its binding partner) it 
may not be possible to elute the pAb from an affinity 
matrix with molecule related to the antigen. 
Alternatively, there may be no suitable specific eluting 
molecule that can be prepared in sufficiently high 
15 concentration. In these cases it is necessary to use an 
elution method which is not specific to eg the antigen- 
antibody complex. Some of the non-specific elution 
methods generally used reduce phage viability for 
instance, phage viability is reduced with time at pH12 
20 (Rossomando, E.F. and Zinder N.D. J. Mol.Biol. 36 387-399 
1968). There may be interactions between eg antibodies 
and affinity matrices which cannot be disrupted without 
completely removing phage infectivity. In these cases a 
method is required to elute phage which does not rely on 
disruption of eg the antibody - antigen interaction. A 
method was therefore devised which allows elution of 
bound pAbs under mild conditions (reduction of a di thiol 
group with dithiothreitol ) which do not disrupt phage 
structure (example 47). 

This elution procedure is just one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
site for cleavage by a highly specific protease between 
the foreign gene inserted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene 111. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
affinity matrix and elution to remove non-specific 
binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting the phage. These phage 
45 would be expected to be infective, since the only 
protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli TGI cells. 

An alternative procedure to the above is to take the 
affinity matrix which has retained the strongly bound pAb 
and extract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
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^ansfor, E.coli hos, cells ^^^.S^SS 
enSing sequences ; can be ^J^f**^ disc losed herein 
PCR with suitable primers sucn a expression as a 

con«Sng W ?ow counts of Ugand lation of phages 

L0 If one wishes to \ high affinity for 

displaying a protein L" 1 ™ to bi 9 nd a population 

its ligand, a preferred strategy is contains a low 

of phage to an ^ affinity Jf^jg^ be tween phage 
amount of ligand. There is co p pro teins, for 

m disnlaying high affinity ana xow displaying 
15 binding I the. liganc I on ^J^ al ^ b 9 OU nd and low 
high affinity protein « P»» Tn high affinity 

Slinitv protein is washed away.^ ^ ^ ligand or 

protein is then / ec ° ve ^" e Tute" the phage from tne 
20 by other procedures .^^^^trates this Procedure). 
20 affinity matrix Cample 35 of the packaged 

in summary then, f or rec °^ be siia ply eluted, 
from the affinity step, the ca £ a homologous sbp 

it can be eluted in the^ P re f,^=5 °* for bin ding to a 
m embe? which compete^ with s ai d P p**^ by filing 

complementary sbp ■» B * e ^' "oteolytic cleavage of the 
it could be removed *Y ? r °*®° Xy be ^ t o those 

protein; and other ™ eth °2 tr ^ n g the link between the 
skilled in the art eg . ajst royi 9 tQ release said 

-encoded thereby. election procedure for pAbs 

The efficiency of this ^^^^aries means that 
and the ability to ^^u^developei I "increase the 
Sb immunisation techniques ' f^^^g antibodies of 
proportion of screened = ells so ^°f requirement. The 
interest , will not be an abs ° lu J on of binding 

technique allows the "pia ^ ficities , including 
specificities ^ ant-gen-bxnding specif . nable by 

those that would be difficult ox Qr antl _ 

:!L,on*ional techniques, ror c altogether 

Idiotypic antib°die s ^To7 the immune 

is now possible, once a 

repertoire has been constructed . uged ^ a 
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is used to attach another moiety. This moiety can be 
attached via immunological , chemical, or any other means 
and can be used, for example, to label the complex with 
detection reagents or cytotoxic molecules for use in vivo 

5 or in vitro. 

Physical Detection 

The size of the rgdps eg pAbs can be used as a 
marker particularly with respect to physical methods of 
detection such as electron microscopy and/or some 
10 biosensors, e.g. surface plasmon resonance. 
Diagnostic Assays 

The rgdps eg pAbs also have advantageous uses in 
diagnostic assays, particularly where separation can be 
effected using their physical properties for example 
15 centrifugation, filtration etc. 

In order that the invention is more fully 
understood, embodiments will now be described in more 
detail by way of example only and not by way of 
limitation with reference to the figures described below. 
20 Figure 1 shows the basic structure of the simplest 

antibody molecule IgG. 

Figure 2 shows schematically selection techniques 
which utilise the unique properties of pAbs; 2i) shows a 
binding/elution system; and (2ii) shows a competition 
25 system (p»pAb; ag*antigen to which binding by pAb is 
required? c»competitor population e.g. antibody,, pAb, 
ligand; s=substrate (e.g. plastic beads etc); d-detection 
system. 

Figure 3 shows the vector fd-tet and a scheme for 
the construction of vectors, fdTPs/Bs (for insertion of 
VH coding sequences) and fdTPs/Xh for the insertion of 
scFv coding sequences. 

Figure 4 shows the nucleotide sequences for the 
oligonucleotides and vectors. All sequences are drawn 5' 
to 3 f and are numbered according to Beck et al., 1978, 
Nucl. Acid Res., 5: 4495-4503. 4.1 shows the sequences 
of the oligonucleotides used for mutagenesis (oligo's 1 
and 2) or sequencing (oligo 3). The sequences shown were 
synthesized on an Applied Biosystems, oligonucleotide 
synthesizer and are complementary to the single stranded 
form of fd-tet (they are in the anti-sense form with 
respect to gene III). 4.2 shows the sequences of the 
various constructs around the gene III insertion site. 
These sequences are drawn in the sense orientation with 
45 respect to gene III; (A) fd-tet (and fdT6Bst) (B) 
fdTPs/Bs and (C) fdTPs/Xh. The key restriction enzyme 
sites are shown along with the immunoglobulin amino acids 
contributed by the vectors, (amino acid single letter 
code is used, see Harlow, E., and Lane, D. , 1988 supra.). 
50 Figure 5 shows the nucleotide and amino acid 

sequences for scFv in the vector scFvD1.3 myc. This 
gives the sequence of the anti-lysozyme single chain Fv 
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in scFvD1.3 myc, showing the N- 
and surrounding sequenoes^n the c-termmal 

terminal pel B sxgnal peptide seque supra ) 

5 »eo^^^HJr e iettercode,se : 

10 SSSd in -SO, « »^3- o£ v8Iying the oatt ^ 

Figure 7 shows the e« e « °* axbumin on the 

=on=entSKo»of ^^^^JraW form. Each 
binding of pAbs to xysu * samples. 
15 point is around the cloning site 

Figure 8 show 8 the sequ^ce sites 

in gene HI of fd -^ T2 l min ^ eS rids encoded by antibody 
Zv.™ « s well as the ammo acias^ ^ fil end by 

^Ived "sequences - ^hese^ are zgu— ^ ^ b 3 

the gene HI S1 ^ X %heNot 1 restriction site) 

alanine r esi dues (encoded by the ^ pro tein. The 

S^t2T^«2^ SSV cutting of the signal 

PePti fig W ,e 9 shows ^sl'H U> 

lysozymes. Binding of pha 9f 38 de ( ^f ^jLy egg-white 
hen egg-white Ip? 2 *™*^ H ^zyme (HUL) , (d) bovine 
25T5iS?W!! - ™ control of (.) —/Bs 

t0 figure 10 shows a map -^/^-LsulS^providing a 
^Ple^^^ 

? D lV C SSn ITcSfs^aining 01.3 L chain; fdscFv 
(Dl - 3 ^e 1 i2- shows oligonucleotide 

purified phage. 10 12 phage an the ratioof ^J if±ed and 

ST 4 x 104 fdTPS/Bs phages ^J^StI^ (D1.3) A 
m oliaonucleotide speciric ^ _ ^ _ 
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45 colonies total ) • -eouencB of the anti-oxazolone 

Figure 13 shows the s e ^ ence nce contributed by 
antibody ^ lower case. The sequence for 

^E^^F^W" - d the sequence for v 

50 is after the linker. _ results fo r binding pAb 
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antigens . 

Figure 15 shows the sequence surrounding the phoA 
insertion in fd-phoAlal66. The restriction sites used 
for cloning are shown, as well as the amino acids encoded 
5 by phoA around the insertion site. The first five amino 
acids of the mature fusion come from gene III. 

Figure 16(1) shows the structure of gene III and the 
native BamHI site into which a scFv coding sequence was 
inserted in example 13 and figure 16(2) shows the natural 

10 peptide linker sites A and B for possible insertion of 
scFv coding sequences. 

Figure 17 shows schematically the protocol for PCR 
assembly of mouse VH and VLK repertoires for phage 
display described in example 14. 

15 Figure 18 shows examples of the final products 

obtained with the procedure of example 14. Lanes a and b 
show the products of the initial PCR using heavy and 
light chain primers respectively; lane c shows the 
complete assembled 700bp product before final digestion 

20 with Notl and ApaLl; Ml, M2 markers *174 Hae III digest 
and 123 base pair ladder (BRL Limited, P.O. Box 35, 
Washington Road, Paisley, Scotland) respectively. 

Figure 19 shows the binding of l25 I-PDGF-BB to fd h- 
PDGFB-R phage in immunoprecipitation assay and comparison 

25 to fdTPs/Bs and no phage controls; binding is expressed 
as a percentage of the total 125 I-PDGF-BB added to the 
incubation. 

Figure 20 shows the displacement of 125 I-PDGF-BB 
bound to fd-h-FDGFB-R phage using unlabelled PDGF-BB 

30 measured using an immunoprecipitation assay. Binding is 
expressed as a percentage of the total 125 I-PDGF-BB added 
to the incubation. 

Figure 21 shows the displacement of 125 I-PDGF-BB 
bound to f d-h-PDGFB-R phage using unlabelled PDGF-BB 

35 measured using an immunoprecipitation assay. Non- 
specific binding of 125 I-PDGF-BB to vector phage fdTPs/Bs 
in the absence of added unlabelled PDGF was deducted from 
each point. 

Figure 22 shows the results of an ELISA of lysozyme 
40 binding by pCAT-3 scFv D1.3 phagemid in comparison . with 
pCAT-3 vector (both rescued by M13K07) and fdCAT2 scFv 
D1.3 as described in example 17. The ELISA was performed 
as described in example 6 with modifications detailed in 
example 18. 

45 Figure 23 shows the digestion pattern seen when 

individual clones, selected at random from a library of 
single chain Fv antibody genes derived from an immunised 
mouse; are digested with BstNl. 

Figure 24 shows VH and VK gene sequences derived 
50 from the combinatorial library in example 21 and the 
hierarchical library in example 22. 

Figure 25 shows a matrix of ELISA signals for clones 
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derivea fro* ranaoj — ^ rS^oS 
of the clones is as m figure 2 4 . ^ numerals . 
found with each combination ^g^. Tderivative 

Figure 26 shows a) the jJ-O-p* } % he clon ing 

5 of pUC119 described m example 24, ana d> 

Site %iSure e 27 ha9 ^e id aS2iSod y constructs cloned into fd- 
F±9 ^ ^ TOt diaolav on the surface of phage. 
CAT2 M t Pf IT ' I S IV ^re cloned into both fd- 
Constructs I, II, III ana ^ we nHENl (as Sfil-NotI 

10 CAT2 (as ■ fgL£f. All th B 

fragments) and pHENl (as mix «o^j. » chain 
constructs contained the heavy ^^™^* h( £ enti.hoay 
(VK) variable regions of ^e mouse «*»P gnd CH1 ( y 
NQ1Q.12.5.; The constant domains were nu»« 
15 1 isotype). of displaying antibody 

f ragm^on 'tne surfSf oHhage by fusion to gene III 
pr0te i?;™ western blot of supernatant taken Jrom 

the attached c-myc : tag, the L ^ chair sl i ghtly 

^^Fiaure 30 is a plot showing the effect of Isozyme 
dilution ratio of iLISA signals obtained using pAbD1.3 
or soluble scFv Dl-3. Qf ^o^e 

dilution ILst i££ S£id using fdTscFvDl.3 and 
SOlUb F?aurr?2is a plot showing positive results from an 

?ro^ S ^ell line 014 which express a monoclonal 

40 f^^^^S^l-g expression of the 
Figure 34 is a wesxem «u 3 l6 x of 50 fold 

45 anti-alkaline phosphatase antiserum (c-f) 

a) fd-phoAlal66 grown in TGI cells 

b) fd-5hoAlai66 grown in KS272 cells 

c) fdCCAT2 grown in TGI cells f 

d) fdCAT2 grown in TGI cells, mixed with 13 ng of 
50 purified alkaline phosphatase 

e) fd-phoAlal66 grown in TGI cells 

f) fdCAT2 grown in TGI cells. 
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Figure 35 is a Western Blot showing ultrafiltration of 
phage-enzyme lOOpl of 50 fold concentrate of phage 
(representing 5mls of culture supernatant) was 
centrifuged through ultrafiltration membranes with 
5 nominal molecular weight retention of 300 , 000 daltons. 
Western blots of flow through and retentate fractions 
were detected with anti-alkaline phosphatase antiserum. 
The equivalent of 800*11 of original culture supernatant 
was run on the gel. 
10 A. Phage were grown in TGI cells. a) fd-phoAlal66 
before ultrafiltration (short exposure), b) fd-phoAlal66 
before ultrafiltration . c ) f d-phoAlal 6 6 material 
retained on ultrafiltration membrane. 

B. Phage were grown in KS272 cells, a) fd-phoAlal66 
15 before ultrafiltration. b) fd-phoAlal66 material 
retained on ultrafiltration membrane, c) fdCAT2. d) 
fdCAT2 mixed with purified alkaline phosphatase before 
ultrafiltration. e) Retentate from sample d. f) Flow 
through from sample d. 

Figure 35 Electrophoresis of samples from stages of 
a Fab assembly. Samples from different stages in the PCR 
Fab assembly process described in example 33 were 
subjected to electrophoresis on a 1% TAE-agarose gel. 
Samples from a comparable scFv assembly process (as in 
example 14) are shown for comparison. Samples left to 
right are: 

M « Markers 

7110111 * sequences encoding VHCH1 domains 

amplified by PCR 
30 VKCK . sequences encoding VKCK domains 

amplified by PCR 
" L * Fab assembly reaction performed 

in absence of linker 
^ L 9 Fab PCR assembly reaction 

35 product VHCH1 plus VKCK plus 

linker 

M = Markers 

= sequences encoding VK domain 

amplified by PCR 
40 VL * sequences encoding VH domains 

amplified by PCR 
~ L = scFv assembly reaction in 

absence of linker 
+L =* scFv assembly reaction in 

45 presence of linker 

M = . Markers 
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Figure 37. Comparison of EL1SA signals with scFv 
D1.3 cloned in fd-CAT2 (fd) or pCAT-3. pCAT-3 scFvl.3 has 
been rescued with M13K07 (K07). M13K07AgIII No 3 (gill No 
3) or M13K07 glllANo 2 (glllNo2). Phage antibodies are 
compared at 10 times (lOx) l times (lx) or 0.1 times 
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relative to concentration in the 
(O.lx) concentrations x^**™?* Th faC AT2 and pCAT- 
supematant after overnight f °^ s ^^o.Ol at lOx 
3 non-r^in^y^^^^^ rescue at all , 
concentration. M13K07 j? 1 ^™ around in this ELISA. 
5 as Judged^by no «£^jfSJ?^f precipitated phage 
used Sl&ISh ' probed Sth anti-g3p Free g3p and the 
gIp-sclvDl.3 fusion bands are arrowed. 
Sample 1 - fd scFvD1.3 
10 Sample 2 - pCAT3 vector _ h M13K0 7, no IPTG 

Sample 3 - P CAT3 scFvDl.3 "jcued w m 
Sample 4 > P CAT3 scFvD1.3 rescued w 

£3£ 5 e - S3S 3S-3 ™ d with M13K07 9lII * No3 

15 Sample 7 ^ ^3^01.3 rescued with K13K07 No 2 

Panel ^ ^^^"S^ 5? t°he 
_, rtiitura supernatant per traoc, ™ a _,_ Hd 

LuSSia^^ ^ampS^'rescued with 

25 parental M13K07. ehowino fdCAT2scFvDl.3 

enrich P^lci 8 .^P&i^kaB-^.S ana 

30 enrichment produced from a nature of fdCATZScrv 

fdCAT^by^^rfP^^ proteins of 

fdCAT2^tnd"d-?«"Nase(2, with anti-|3p an tiserum. 
Sr molecular weights bands ™ U ngHA- 

35 Figure 42. Nuclease .assay -of j**^ 2 t ^l6i 0) ?c-l> 

«^ Sf M V £ a" £££ digelfo/^ew 
40 Bngland Biolabs). Etisi s ^ fa- 

CD4-vf^na «-C»4-VlV2. coSaidSr 'Phagt 

s ^f?^. le ",,r s olSblI CD4<SN ♦ sCD4 ) ; phage 
« concentrate^ ^ faience of sc~ B!8 (antl- 

50 ^delgS?e; 3 tle e rSosome binding site. Gene HI- 
n ° W aHSk assay of phages displaying 
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FvD1.3 or scFvDl.3 by binding to plates coated with 
lysogyme. Signals obtained at various dilution factors 
are shown. FvD1.3 (AS-Stuf f er ) which does not express Fv 
was used as a control. 
5 Figure 47. shows a schematic representation of steps 

involved in the PCR assembly of nucleotide sequences 
encoding human Fab fragments. Details are in example 40. 

Figure 48. shows A. a map of plasmid pJMl-FabD1.3 
which is used for the expression of soluble human Fab 
10 fragments and as a template for the synthesis of linker 
DNA for Fab assembly. B. a schematic representation of 
sequences encoding a Fab construct. C. The sequence of 
DNA template for the synthesis of linker DNA for Fab 
assembly. 

15 Figure 49. shows a schmatic representation of steps 

involved in the PCR assembly of nucleotide sequences 
encoding human scFv fragments. Details are in example 

Figure 50. ELISA assay of phage antibodies using 

20 plates coated with turkey egg lysogyme. Two clones Bl 
and A4 are shown derived by mutagenesis and selection 
from pAbD1.3 (example 45). Concentration (x axis) refers 
to the concentration of phage for each sample relative to 
the concentration in culture supernatant. Bl has raised 

25 binding to turkey egg lysogyme compared to D1.3. A4 has 
reduced binding to hen egg lysogyme compared to D1.3. 

Figure 51. ELISA of phage antibodies binding to HEL 
and TEL. Clone 1 is fdCAT2scFvD1.3. Clones 2 to 10 were 
obtained from the library (example 46) after selection. 

30 The background values as defined by binding of these 
clones to BSA were subtracted. 

Figure 52. shows the DNA sequence of the light 
chains D1.3 M1F and M21 derived by selection from a 
hierarchical library in example 46. 

35 Figure 53 shows a Fv lambda expression vector 

(example 48) derived from pUC119. It contains the 
rearranged lambdal germ line gene. The heavy and light 
chain cassettes each contain a ribosome binding site 
upstream of the pel B leader (Restriction sites shown as: 

40 H-Hind III; Sp-SphI; B-BamHI, E«EcoRI. 
Materials and Methods 

The following procedures used by the present 
applicants are described in Sambrook, J. et al., 1989 
supra. : restriction digestion, ligation, preparation of 

45 competent cells (Hanahan method), transformation, 
analysis of restriction enzyme digestion products on 
agarose gels, purification of DNA using 
phenol /chloroform, 5' -end labelling of oligonucleotides, 
filter screening of bacterial colonies, preparation of 

50 2xTY medium and plates, preparation of tetracycline stock 
solutions, PAGE of proteins, preparation of phosphate 
buffered saline. 
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, hv New England Biolabs (CP 
All ^zymes were suppli^ jew Hert s. 

Laborers ^^se'd ' accIrSng to manufacturer s 

S^tion^unless si., 1980, supra) 

^The vector fd-tet ( Zachfir ' A ± je culture Collectxon 
was obtained from the Amerocan Type ^ TGl ce ils 

* thi^hsdDS/F tra036, 

Slture supernat^twas collected by „ 
10 mins at 10,000 rpm in J an 8 x Drecipi tated by adding 
centrifuge. Phage P^f^VSvcol (PEG)/2.5M NaCl and 
l^S volume 20% polyethylene ^g*/^ spu n for 15 
leaving at 4'C for 1 hour. xnea ^ ^suspended in 

JW'*5S°a!Tf 'STeS? tMo-th of the^origi-1 
v^-R-rdual bacteria ^^a^^ 
^^■^'-^f^^ 2 ,^!^ or sequencing was 

5!? P etal,, 1989, > supra. 

lndeiol^am|||s T .^tion Polnt_^kers_and 

nrntnn1 Q 1 DesigK — — 

L M tru^ioj^QgSS2££ the cons truction of two 
This example 3 ° vers £f f_ t et: a) fdTPs/Bs for 

int o fdTPs/xh | to gxv« ^f^,„ h „ lln vh paaa-^a 

Exampl e o • LAA e ~ — — rtino 

sequences derived from an «J» « fdTVHD1.3. 
Examp lr * tnai r ais w - " 
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Example 6 Specific Binding of Phage Antibody (pAb) to 
Antigen 

This example shows the binding of pAb fdTscFvD1.3 
to lysozyme by ELISA. 
5 Example 7 Expression of FabD1.3 

This example concerns the display of an antibody Fab 
fragment at the phage surface. The VH-CH1 chain is 
expressed by fdCAT2. The VL-CL chain is expressed by 
pUC19 in a bacterial host cell also infected with fdCAT2. 
10 Example 8 Isolation of Specific,, Desired Phage from a 
Mixture of Vector Phage 

This example shows how a phage (e.g. fdTscFvD1.3) 
displaying a binding molecule can be isolated from vector 
phage by affinity techniques. 
15 Example 9 Construction of pAb Expressing Anti-Hapten 
Activity 

This example concerns the insertion of scFv coding 
sequences derived from the anti-oxazolone antibody NQ11 
into fdTPs/Xh to generate the construct pAbNQll. The 
20 example shows the binding of pAbNQll to oxazalone by 
ELISA. 

Example 10 Enrichment of pAbD1.3 from Mixtures of other 
pAbs by Affinity Purification 

This example shows how a phage (eg. pAbD1.3) 
25 displaying one sort of biding molecule can be isolated 
from phage (e.g. pAbNQll) displaying another sort of 
binding molecule by affinity techniques. 

Example 11 Insertion of a Gene Encoding an Enzyme 
(Alkaline Phosphate) into fdCAT2 
30 This example concerns the invention of coding 

sequences for an enzyme into the vector fdCAT2 to give 
the phage enzyme, fdphoAlall6. 

Example 12 Measuring Enzyme Activity Phage - Enzyme 

This example shows the functionality of an enzyme 
35 (alkaline phosphatase) when displayed at the phage 
surface (fdphoAlal66) . 

Example 13 Insertion of Binding Molecules into 
Alternative Sites in the Phage 

This example covers the insertion of scFv coding 
40 sequences derived from a) the anti-lysozyme antibody 
D1.3; and b) the anti-oxazalone antibody NQ11 into a 
BamHl site of fdTPs/Xh to give the constructs fdTBaml 
having an NQ11 insert. 

Example 14 PCR Assembly of Mouse VH and VLK Repertoires 

45 for Phage Display 

This example concerns a system for the display on 
phage of all VH and VLK repertoires encoded by a mouse. 
The system involves the following steps. 1) Preparation 
of RNA from spleen. 2) Preparation of cDNA from the RNA 

50 3) Use of primers specific for antibody sequences to PCR 
amplify all VH and VLK cDNA coding sequences 4) Use of 
PCR to create a linker molecule from linking pairs of VH 
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*\ tiao of PCR to assemble continuous 
and VLK sequences 5) Use of f^^^ , a linker and 
DNA molecules each comprising a * combination is 

^S.)'.^ " restrictlon 

«7,n, a n Recep t or iur Plf texe ^ - : 

^^rSS^SSU*^* « give the construct 
fdhPDGFBR. _ r ttvtt Tin t~ ^° Extracellular 

^ am ple 16. Bindin g of 12^ T-w ^ pdgf laottuiiL-"" 

pi -pi ry° H ""the Surtace 

innnunopreca-pi tation receptor PDGF Isoform 
Thli-Sa^^w^^ SSfSTof the phage in a form 
» £ ^ffbilJtfto Snd its ligand. 

*., c ^ with th e comng ^ ience , °, -.^ nf two phagem ids. 
This example ^«™ s . t *£S£iy contain gene III from 
based on pUCll9 ^J^-^eFv fusion fdCAT2seFvDI.3 to 
fdCAT2 and the gene -2 JKdi 3 respectively, 
generate pCAT2 and pCAT3 scFvDI^r Speci£ jcitv 

frnm pCAT3s~ p "™ M13 *° ' f the coding sequence 

This example desuiibes , the rescue °* by „ l3 M07 

for the gene llIscFv fusion from ^ ^ displaying 

L amp i e 19. Transformation Efficiency _ 

^ snFvDl.3 Phaaemids efficiency of the phagemids 

fdCAT2 " 

nr remised Mouse » svstem for the display on phage 

This example concerns a sysrem immunised mouse 

of scFv (comprising VH and ^ Jro * ™ l4 (cDNA 

using the .basic ^xque^u tline d ^ ^ ^ 
preparation JSfT* the PCR assembled sequences 

repertoires) and lx 9 ating _^ae library of 10 5 clones. 

. jr^onrtio +-0 create a pnage iiuj-<"j: ^ -p^-i-t-v 

S^T* SoToton- showed that none snoweu ^ 

against phox. „# nrvfiH^ ftg Specif ic for 2- 

sr-^i; -W^'ny .rasa r ^sss 

SSri^sT thosi Phage displaying 
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scFv with the desired specificity. 

Example 22. Generation of Further Antibody Specificities 
by the Assembly of Hierarchial Libraries. 
This example concerns the construction of hierarchial 
5 libraries in which a given VH sequence is combined with 
the complete VLK repertoire and a given VLK sequence is 
combined with the complete VH repertoire and selection 
from these libraries of novel VH and VL pairings. 
Example 23. Selection of Antibodies Displayed on 

3-0 Bacteriophage with Different Affinities for 2-phenyl-5- 
oxazolone using Affinity Chromatography 

This example concerns the separation by affinity 
techniques of phages displaying scFv fragments with 
differing binding affinities for a given antigen. 

15 Example 24. Construction of Phagemid pHENl for the 
Expression of Antibody Fragments Expressed on the surface 
of Bacteriophage following Superinfection 

This example concerns the construction of the 
phagemid pHENl derived from pUC119. pHENl has the 

20 features shown in Fig. 26. 

Example 25. Display of Single Chain Fv and Fab Fragments 
Derived from the Anti-Oxazolone Antibody NQ 10,12.5 on 
Bacteriophage fd using pHENl and fdCAT2. ~ 
This example describes the display of scFv and Fab 

25 fragment with a specificity against phOx on the surface 
of a bacteriophage. For display of scFv the phagemid 
pHENl comprises the sequences encoding scFv (VH and VL) 
for rescue by either the phages VSM13 or fdCAT2. For 
display of Fab the phage fdCAT2 comprises the sequence 

30 for either the H or L chain as a fusion with g3p and the 
phagemid pHENl comprises the sequence for the appropriate 
H or L chain partner. 

Example 26. Rescue of Phagemid Encoding a Gene III 
protein Fusion with Antibody Heavy or Light Chains by 

35 Phage Encoding the Complementary Antibody Displayed on 
Phage and the Use of this Technigue to make Dual 
Combinatorial Libraries ' ~" ~~ — 

This example covers the use of phage antibodies 
encoding the antibody heavy or light chain to rescue a 

40 phagemid encoding a gene 3 protein fusion with the 
complementary chain and the assay of Fab fragments 
displayed on phage in ELISA. The use of this technique 
in the preparation of a dual combinatorial library is 
discussed. 

45 Example 27 Induction of Soluble scFv and Fab Fragmen ts 

using Phagemid pHENl ~ " 

This example covers the generation of soluble scFv 
and Fab fragments from gene III fusions with sequences 
encoding these fragments by expression of clones in pHENl 

50 in an E.coli strain which does not suppress amber 
mutations* 

Example 28 Increased Sensitivity in ELISA of Lysozyme 
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,, g ,-n g fdTscF "™-* as Primal 

W covers ^""gTSFZ «5- 
SSTphS? iSS-S" -s^^an with soluble 
scFvDl.3. , : , . nd re pression of Mouse 

functional soFv £ri ^ ts J^S la l antibodies directed 
SS^ttSSr^^SS were established to be 

functional, "f°°,^ IS f ;„,„,, Irn - Phosphatase 

^5o^S^^S^^r«e 8 of 
displayed on phage are qualitativexy s 

+-ho «5ame enzyme when in solutxon. _. r .. 14 .„Hnn -that 
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ad. AXKa-Lxtic xr. xw^i 

example concerns '^SSSST*S!t "SfS 

yrive^from 1J» ■ffgg£ onp rT ■"""» Mkallne - 

SS^ eMmpie concerns **, «-£t££££S. 
SSJfttlSfSS^S^'S.S- of these phage using 
the reaction pr^uct v Phosp hate ^ Fab Fraqromt 

o£ a D » Insert 

This example «>« u - B 4 . tt E_ 0t ^^ amplification of 

encoding a Fab fragment JSL^ followed by assembly. 

heavy and light <*V5jf k in !S^ia5> the phage vector 
The coiismct was then ^erteoin^ fragment 

fdCM2 and the ^^.^"showTto functional. 

ST'SiSjrSSS ^f^o 1 egression using 
fdCAT2-scFvbl.3- hnrtpr< » r h W f T R expres sing scFv 

Warding -to aitxnity usinq a_pam y__e 
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This example concerns the selection of bacteriophage 
according to the affinity of the scFv fragment directed 
against lysozyme which is expressed on their surface. 
The phage of different affinities were bound to Petri 
5 dishes coated with lysozyxne and, following washing, bound 
phage eluted using triethylaraine. Conditions were found 
where substantial enrichment could be obtained for a 
phage with a 5-fold higher affinity than the phage with 
which it was mixed. 
10 Example 36 Expression of Catalytically Active 
Staphylococcal Nuclease on the Surface of Bacteriophage 

This example concerns the construction of a phage 
enzyme which expresses Staphylococcal nuclease and the 
15 demonstration that the phage enzyme retains nuclease 
activity. 

Example 37 Display of the Two Aminoterminal Domains of 

Human CD4 on the Surface of fd Phage 

This example covers the cloning of genes for domains 
20 of CD4, a cell surface receptor and member of the 

immunoglobulin superfamily, into bacteriophage fd. The 

receptor is shown to be functional on the surface of 

phage by binding to the HIV protein gpl20. 

Example 38 Generation and Selection of Mutants of an 
25 Anti -4-hydroxy-3-nitrophenylacetic acid ( NP ) Antibody 

expressed on Phage using Mutator strains 

This example covers the introduction of mutations 

into a gene for an antibody cloned in phage by growth of 

the phage in strains which randomly mutate DNA due to 
30 defects in DNA replication. Several mutations are 

introduced into phage which can then be selected from 

parent phage. 

Example 39 Expression of a Fv Fragment on the Surface of 
Bacteriophage by Non-Covalent Association of VH and VL 
35 domains 

This example shows that functional Fv fragments can 
be expressed on the surface of bacteriophage by non- 
covalent association of VH and VL domains. The VH domain 
is expressed as a gene III fusion and the VL domain as a 

40 soluble polypeptide. Sequences allowing expression of 
these domains from the anti-lysozyme antibody D1.3 in 
this form were introduced into phage and the resulting 
displayed Fv fragment shown to be functional by ELISA. 
Example 40 A PCR Based Technique for one step Cloning of 

45 Human V-genes as Fab Constructs 

This example gives methods for the assembly of Fab 
fragments from genes for antibodies. Examples are given 
for genes for antibodies directed against Rhesus -D in a 
human hybridoma and a polyclonal lymphoblastic cell line. 

50 Example 41 Selection of Phage Displaying a Human Fab 
Fragment directed against the Rhesus -D Antigen by binding 
to Cells displaying the Rhesus D Antigen on their Surface 
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fho construction of, and 
This example concerns the c on s \ ^ encoding a 
displayVphage^t^ 

human Fab £ "f* 0 * *i E S3aeS were then affinity selected 
Phage displaying this antigen w ± S cFvDl-3 anti- 

&an^ <v „ = oeneratlon of libraries 

frora 

IBO and ^ I * e £££^ 

^^l^S^^ii^lI^or^o™ the 
- This example describe^ the iso g Qf 

«-f seFv fragments derived ^um^^ antibodies 
urimmuniVed human, and^ ola/oione. Selection 

20 directed against BSA, . ^° Z _V om Ttography and analysis of 

of sc£ "fragments^ oi ^'ffpA antibodies 
clones of phage antibodies of c ^ ne OJtazolone . I" this , 
Specific for thyroglobulin and (NCT C12478), a 

30 ^:W«W «.^ n tt S iII. Fewer rounds of 
30 Slper phage ^^^Jt JS* for a phagemid library 
r ^°wi^£f P^SSared to one rescued with 
"M13K07. ~ £ pine gpor.tficitY nf scFvDl.3 

STSSft* Mn^i^- P^e antics 
"*---ZZ".i n n turkey egg ll"!^ ^(flcltv by 

ELISA. T«p groups ■ «* J?"" t ur k„ lysozymes, one with 
reoogn^ jn^of «£» tJWW ana one 

fe^^^^«t reolaoe»ent of the VL domain 
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of scFvD1.3 specific for hen eggwhite lysozyme (HEL) with 
a library of VL domains allows selection of scFv 
fragments which bind also to turkey eggwhite lysozyme 
(TEL). The scFv fragments were displayed on phage and 
5 selection by panning on tubes coated with TEL. Analysis 
by ELISA showed clones with enhanced binding to TEL 
compared to HEL. Those with highest binding to TEL were 
sequenced. 

Example 4 7 Selection of a Phage Antibody Specificity by 
10 binding to an Anti gen attached to Magnetic Beads. Use of 
a Cleavable Reagent to allow Elutlon of Bo und Phage iinriay 

Mild Conditions ~" " — 

This examples covers the use of a cleavable bond in 
the affinity selection method to alow release of bound 

15 phage under mild conditions. pAbNQll was enriched 
approximately 600 fold from a mixture with pAbD1.3 by 
selection using biotinylated Ox-BSA bound to magnetic 
beads. The cleavage of a bond between BSA and the biotin 
allows elution of the phage. 

20 Example 48 Use of C ell Selection to provide an Enr iched 
Pool of Antig en Specific Antibody Genes. Application to 
reducing the Complexi ty of Repertoires of An tihnriv 

Fragments Displayed on the Surface of Bacteriophage 

This example covers the use of cell selection to 

25 produce an enriched pool of genes encoding antibodies 
directed against 4-hydroxy-3-nitrophenylacetic acid and 
describes how this technique could be used to reduce the 
complexity of antibody repertoires displayed on the 
surface of bacteriophage. 

30 Example 1 

Design of Insertio n Point Linkers and Con strue r>n of 
Vectors 

The vector fd-tet has two BstEH restriction sites 
flanking the tetracycline resistance gene (fig 3). Since 
the strategy for inserting the VH fragments was to ligate 
them xnto a newly inserted BstEII site within gene III 
it was advantageous to delete the original BstEII sites 
from fd-tet. This was achieved by digesting fd-tet with 
the restriction enzyme BstEII, filling-in the 5' 
overhangs and re-ligating to generate the vector fdT6Bst. 
Digestion of fd-tet with BstEII (0.5 units/ul) was 
carried out in lx KGB buffer (100 mM potassium glutamate, 
23 mM Tris-acetate (pH 7.5), 10 mM magnesium acetate, 50 
» _ u f /m i- bovin ® serum albumin, 0.5 mM dithiothreitol 
45 (Sambrook, J., et al., 1989, supra.) with DNA at a 
concentration of 25 ng/ul. The 5' overhang was filled 
in, using 2x KGB buffer, 250 uM each dNTP's (Pharmacia 
Ltd., Pharmacia House, Midsummer Boulevard, Milton 
Keynes, Bucks., UK.) and Klenow Fragment (Amersham 
uu international, Lincoln Place, Green End, Aylesbury 
Bucks., UK) at 0.04 units/ul. After incubating for 1 
hour at room temperature, DNA was extracted with 
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phenol/chloroform and g^ipitated wi ^^ ration of 
Ligations were carried out at a u « competent TGI 
50ng/ul>. ^ ?Y %^teTsuppSeSted with 15 

cells and" plated onto TY P«*f| £ „ vectors where the 
5 ug/ml tetracycline. ^ J^ e % r £eln has reinserted 
Sine for tetracycline T ^ s ^^° stev . Colonies were 
Into the vector during Supplemented with 15 

nicked into 25 mis of 2xty mea^uiu 
^tetracycline and grown ^ver£g£ atJ7 C 
10 P9/ Double stranded DNA was puri* ed ^ pQ Bqx 

clones using the " 9^038-2284, USA.) and 

2284, La Jolla, c ^^J-t' a J^ asm ±A bllf, ±solat±on 

according to ^f^J^ The orientation of 5 of the 
procedure described therein. The ori tion 

15 resulting clones was L.^^^ave the same pattern of 
C r efei^ion 10 Sy Sa^arTd-tr^ which had no BstE IX 

Sit6S in Vitro mutagenesis £ StiTSS 
actors having appropriate restrici^ ^^stream of 

facilitate cloning of •"gj 0 ^ d ^ f r"ame with the gene 
the gene III signal P^^^^^cieotide directed 
III coding sequence. Th e international) was 

mutagenesis system^ersa.^ 2 (^ e ^ reate fdTPs / B s (to 
used with oligo 1 ^J 9 ^ fraaments). The sequence 
facilitate cloning of VH using the sequenase 

of fdTPs/Bs (figure ^ w^s confirmed^ using^ 

version 2.0 kit (USB CjrP- 3 7fiaure 4) as a primer. 
Ohio, 44122, USA.) Jith d Oligo 3 ^^^^ clonin g of 
30 A second vector fdTPs/xn „°„ 0 ta-ted bY mutagenising 

single chain TV fragments ) «as genera ted by & ^ Qf 
fdTPs/Bs with oligo 2 acc^raing 17 p 3314. The 
Venkitaraman, A.R. Nucl. **d Res. JfeJ^ us±ng the 

■S»t^^0 ( iT(S» 4 W) with oligo 3 as a 

^Clearly, alternative const^ 
to those skilled in the art For gene ill 

host bacteria could be jnodi fie d such that 9^ ^ 

could be disrupted ^ttout ^the o^set o modif ied 
death; the modified fd gene III, or ^ ox containing 
protein, could be ^^^^^ ^Ln f such as 
a single stranded phage f^?^?* 1 ph °ge such as K07 

antibody. For ^f^^^T and winter, G. 1989 
cloning/mutagenesis (Clacvcson, 01 
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Nucl. Acids. Res., 17, p 10163-10170) could be used to 
avoid use of restriction enzyme digests and/or ligation 
steps. 
Example 2. 

5 Insertion of Immunoglobulin Fv Domain into Phage 

The plasmid scFv D1.3 myc (gift from g. Winter and 
A. Griffiths) contains VH and VL sequences from the 
antibody D1.3 fused via a peptide linker sequence to form 
a single chain Fv version of antibody D1.3. The sequence 

10 of the scFv and surrounding sequences in scFvD1.3 myc is 
shown in figure 5. 

The D1.3 antibody is directed against hen egg 
lysozyme (Harper, M. et al., 1987, Molec. Immunol. 24, 
97-108) and the scFv form expressed in E.coli has the 

15 same specificity (A. Griffiths and G. Winter personal 
Communication) . 

Digestion of scFv D1.3 myc with Pstl and Xhol (these 
restriction sites are shown on Fig. 5), excises a 
fragment of 693 bp which encodes the bulk of the scFv. 

20 Ligation of this fragment into fdTPs/Xh cleaved with Pstl 
and Xhol gave rise to the construct fdTscFvD1.3 encoding 
the gene III signal peptide and first amino acid fused to 
the complete D1.3 scFv, followed by the mature gene III 
protein from amino acid 2. 

25 The vector fdTPs/Xh was prepared for ligation by 

digesting with the Pstl and Xhol for 2 hours followed by 
digestion with calf intestinal alkaline phosphatase 
(Boehringer Mannheim UK Ltd., Bell Lane, Lewes, East 
Sussex, BN7 1LG) at one unit/ul for 30 minutes at 37 °C. 

30 Fresh calf intestinal alkaline phosphatase was added to a 
final total concentration of 2 units/ul and incubated for 
a further 30 minutes at 37 °C. The reaction was extracted 
three times with phenol/chloroform, precipitated with 
ethanol and dissolved in water. The insert from scFvD1.3 

35 myc was excised with the appropriate restriction enzymes 
(Pstl and Xhol) extracted twice with phenol /chloroform, 
precipitated with ethanol and dissolved in water. 
Ligations were carried out as described in example 1, 
except both vector and insert samples were at a final 

40 concentration of 5 ng/ul each. The formation of the 
correct construct was confirmed by sequencing as 
described in example 1. 

To demonstrate that proteins of the expected size 
were produced, virions were concentrated by PEG 

45 precipitation as described above. The samples were 
prepared for electrophoresis as described in Sambrook J. 
et al 1989 supra. The equivalent of 2mls of supernatant 
was loaded onto an 18% SDS polyacrylamide gel. After 
electrophoresis, the gel was soaked in gel running buffer 

50 (50 mM tris, 380 mM Glycine, 0.1%SDS) with 20% methanol 
for 15 minutes. Transfer to nitrocellulose filter was 
executed in fresh lx running buffer/20% methanol using 
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TE7 0 Senior a s |^ B ^^ 87 : PP |irirSr i f s f S: 
654 Minnesota Street, o«* 

California 94107, USA. ) . blocked by incubation 

AFter transfer, the filter - wa ^,^ nowder (Marvel) in 
for 1 hour in a 2% solution of mxlk powder ^ ^ ^ 
phosphate buffered salxne (PBS^ ^te antib£jdy fusiQn 
VH protein sequences in tne ^ P«fH hQur 
proteins was effected by f^ in 9 ±1 f e po ^erT of % rabbit 
with a 1/1000 dilutxon ^ Lainst affinity purified, 
polyclonal antiserum ^^^SmS ( gLf t from G. 
bacterially expressed scFv J* a ?* B £\ ^ nute waS hes), 
Winter). *fter rf^^Seterted fusing an anti-rabbit 

bound primary antibody J "■■JJSaSh peroxidase (Sigma, 
antibody aonjugated^o horseradisr^ p ^ ^ ^ 

Fancy Road, Poole, ^s e *; BH17 whj, q and 

The filter was ^washed ^ J™%% l ?_ d Y BB ±nob«n«±dlne 
developed -with 0 . 5 -a/"^ 3 ^ bal t chloride, 0.03% 
tetrahydrochloride (DAB) , o.u^* 

hydrogen peroxide in PBS. _ _ clones fdTVHD1.3 (from 

* ThA results showed that ^ and 

example 3 incorporating J%^* c Vc^ing "for scFv) a 
fdTscFvDl.3 (i^^^a^rSfsSS Sltons is detected 

s^^^ ----- — or 

fdTPs/Xh. 

Example 3. ,„k„h« vh Domain Ir*" Phage Antibody 
T^tiolTof TirnnUnoqlobulxri VH Domain ^ ^ om Lite 

" The VH fragment rrom D1.J was 9 ~ et al 1989 

plasmid PSW1-VHD1.3-TAG1 (WardU E.8. et | nd ' BstEII 

Supra.). -Digestion of_ thxsjp l—JJ^ T p n osi1:;Lon s 113 and 
generates the | ra ^ in f °^ ^flSgment into the Pstl 
432 in figure 5. Cloning ox tol s construct 

and BstEH sites of / d ^ s/ f B ,f ql ^ e or ot ein with a complete 
fdTVHDl.3 which encodes ; > third amino 

Si^^SSS SSTSl Protein (amino acid two has 

been deleted). ftva _ flv a€5 i n example 2 except 

BstEII. 

Example 4. _ r±*v of Phan e Antibodies 

rpKo H-indina of the various y»«a c a ^ „_4~~ ttt.tq* 
specific -antigen lY^e, wa* d ^ff. 3 ~and 

techniques. Phage J^^^^T'^ Phage antibody 
fdTsc/FvDl.3) were .AJ^Tirtttm S described in the 
particles were ^^^^6 %^ sntt^dy particles 
Serf deSdSd* uS^Poiycl^sSee? serum raised .gainst 
the closely related phage M13. 



WO 92/01047 



PCT/GB91/01134 



ELISA plates were prepared by coating 96 well plates 
(Falcon Microtest III flexible plate. Falcon: Becton 
Dickinson Labware, 1950 Williams Drive, Oxnard, 
California, 93030, USA. ) with 200 ul of a solution of 
5 lysozyme (lmg/ml unless otherwise stated) in 50 nun NaHC03 
for 16-24 hours. Before use, this solution was removed, 
the plate rinsed several times in PBS and incubated with 
200 ul of 2% milk powder/PBS for 1 hour. AFter rinsing 
several times with PBS, 100 ul of the test samples were 

10 added and incubated for 1 hour. Plates were washed (3 
rinses in 0.05% Tween 20/PBS followed by 3 rinses in PBS 
alone). Bound phage antibodies were detected by adding 
200 ul/well of a 1/1000 dilution of sheep anti-M13 
polyclonal antiserum (gift from G. Winter, although an 

15 equivalent antibody can be readily made by one skilled in 
the art using standard methodologies) in 2% milk 
powder/PBS and incubating for 1 hour. After washing as 
above, plates were incubated with biotinylated anti-sheep 
antibody (Amersham International) for 30 minutes. Plates 

20 were washed as above, and incubated with streptavidin- 
horseradish peroxidase complex (Amersham International). 
After a final wash as above, 0.5 mg/ml ABTS substrate in 
citrate buffer was added (ABTS « 2 ' 2 1 -azinobis (3- 
ethylbenzthiazoline sulphonic acid); citrate buffer * 50 

25 mM citric acid, 50 mM tri-sodium citrate at a ratio of 
54:46. Hydrogen peroxide was added to a final 
concentration of 0.003% and the plates incubated for 1 
hour . The optical density at 405 nm was read in a 
Titertek multiskan plate reader. 

30 Figure 6 shows the effect of varying the amount of 

phage antibody. 100 ul of various dilutions of PEG 
precipitated phage were applied and the amount expressed 
in terms of the original culture volume from which it was 
derived. Signals derived from both the scFv containing 

35 phage antibody ( f dTscFvDl . 3 ) and the VH containing phage 
antibody (fdTVHD1.3) and the VH containing phage antibody 
were higher than that derived from the phage antibody 
vector (fdTPs/Xh). The highest signal to noise ratio 
occurs using the equivalent of 1.3 mis of culture. 

40 Figure 7 shows the results of coating the plates 

with varying concentrations of lysozyme or bovine serum 
albumin (BSA). The equivalent of 1 ml of the original 
phage antibody culture supernatant was used. The signals 
from supematants derived from f dTscFvDl . 3 were again 

45 higher than those derived from fdTPs/Xh when lysozyme 
coated wells were used. There was no significant 
difference between these two types of supernatant when 
the plates were coated with BSA. Broadly speaking the 
level of signal on the plates is proportional to the 

50 amount of lysozyme coated. These results demonstrate 
that the binding detected is specific for lysozyme as the 
antigen. 
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Ex ample 5; _ 

F»n^ruct£or "* CAT z vectors that enable the 

It would be useiul to design ve infrequently, 

use of restriction of the antibody gene 

5 thus avoiding ^^^t^ Enzymes with an 
inserts within ^ 0 °°^J£T%£ particularly useful 
eight base ^ co ^ tl ° n ,^Se Notl and Sfil. Chaudhary et 
in this respect for jwj* N £ a J ."J aen tified a number of 
al (PNAS &7 pl066-l070, 199U) "arely in antibody variable 

10 restriction sites which <^£*S d ^ constructed a 
genes. The applicant has designee ^ o£ 

vector that utilises two °* ^ 8e J££ 6 'Essentially sites 
nOW ^ °aS ^oti were engineered into 

for the enzymes A £™* 
15 fdTPs/Xh to create fdCATZ. 

The ^^S^GT^TC TGG GGC CGC CCG TTT GAT CTC GAG CTC 

20 fron ^al^ in*^ 10 ^^ of fa-CAT2 was checked 
create fd-CAT2. : »«C by DH» seouencina. The 

s^^ts*-^^? 22 ^ ^ " ithln 9ene 

25 S 9 SSo 8 »ferred to herein by the alternative 

Ser^noSSef M-tet-DOGX and «M. 

Methods. . ' 

35 in 10-100 mis 2 * TY ■^■« th £ ^ ffl 2 4 hrs. Phage 
3 and grown with shaking at 37^ ^J^rtion of the culture 
supernatant was prepared by c ^* rl * ug rotor , sorval RC-5B 
(10 min at 10,000 rpm, 8 x do nu- was 1 - 5 x 

centrifuge). At ^ this stage, the phage tit & t d 

10 l0 /*l tt ^ duC 1 ing 0 l ?i peg 2 5 MNaCl, leaving for 1 hr 
by adding 1/5 volume 20% PEG 2 n « , pellets were 

a? 4'C/«;.S« tt *g i 3f , gLiSriil E S?A P pH 9 8.0 to 1/I00th 
resuspended.^AO res idual bacteria ^and 

aggregate^ge'removed by centrifugation tor , ^ ~ - 

bench mici^centrifuge- 

plates were -n-.-J*^"*.' 1 J^lCSS 

and blocked as OHC^^**" S^e antioen coated" plates 
transducing unit? «e« added to ^a^ 8^ J% sklmlle<J 

^SS 6 , SSSSf "WSrJS hashed between each step 
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with three rinses of 0.5% Tween-20 in PBS followed by 
three rinses of PBS. Bound phage was developed by 
incubating with sheep anti-M13 antisera and detected with 
horseradish peroxidase (HRP) conjugated anti-goat serum 
5 (Sigma, Poole, Dorset, UK) which also detects sheep 
immunoglobulins and ABTS ( 2 f 2 f - azinobis (3- 
ethylbenzthiazoline sulphonic acid). Readings were taken 
at 405 nm after a suitable period. The results (figure 
9) show that the antibody bearing-phage had the same 

10 pattern of reactivity as the original D1.3 antibody 
(Harper, M., Lema, F. , Boulot, G., and Poljak, F.J. 
(1987) Molec. Immunol. 24, 97-108), and bound to hen egg- 
white lysozyme, but not to turkey egg-white lysozyme, 
human lysozyme or bovine serum albumin. The specificity 

15 of the phage is particularly illustrated by the lack of 
binding to the turkey egg-white lysozyme that differs 
from hen egg-white lysozyme by only 7 amino acids. 
Example 7. 

Expression of Fab D1.3 
20 The aim of this example was to demonstrate that the 

scFv format used in example 2 was only one way of 
displaying antibody fragments in the pAb system. A more 
commonly used antibody fragment is the Fab fragment-, 
(figure 1) and this example describes the construction of 
25 a pAb that expresses a Fab-like fragment on its surface 
and shows that it binds specifically to its antigen. The 
applicant chose to express the heavy chain of the 
antibody fragment consisting of the VH and CHI domains 
from coding sequences within the pAb itself and to co- 
30 express the light chain in the bacterial host cell 
infected with the pAb. The VH ^and CHI regions of anti- 
lysozyme antibody D1.3 were cloned in fd CAT2, and the 
corresponding light chain cloned in plasmid pUC19. The 
work of Skerra and Pluckthun (Science 240, pl038-1040 
35 (1988) and Better et al 1988 supra; demonstrated that 
multimeric antigen binding fragments of the antibody 
molecule could be secreted into the periplasm of the 
bacterial cell in a functional form using suitable signal 
sequences. However, in these publications, special 
40 measures were described as being needed to recover the 
binding protein from the cell, for example Skerra and 
Pluckham needed to recover the Fv fragment from the 
periplasm by affinity chromatography. The present 
applicants have shown that it is possible to direct the 
45 binding molecule to the outside of the cell on a phage 
particle, a process that requires several events to 
occur: correct secretion and folding of the binding 
molecule; association of the chains of the binding 
molecule; correct assembly of the phage particle; and 
50 export of the intact phage particle from the cell. 

Alternatively, it is possible however, to express 
the light chain from within the pAb genome by, for 
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example, cloning an - Jg— »£^Jff 
place in the phage genome. S ^ a * the mu i tic loning 
Ee the iniergenic region _ which houses ^ 
sites engineered Into \. et al., Gene 33, 
5 (see, for example, Yanisch-Perron, 

P103-119, (1985)). . , example was the clone 

The starting point for tnis e* y figure 10. 

Fab D1.3 1H PUC19 a »ap of which ^f^^X KSJ6 
The regions hybridising witn tne o » » T he sequence 

10 and 7 below are shown underlined fj**™'^ 5 , and 3' 
encoding the VH-CH1 /^^J^^tJ j Slow) was PCR 
edges by the ol ^° n ^°* 1 n de f U( S > using oligonucleotides 
amplified from Fab Dl * 3 , pst I site at the 5' end 

KSJ 6 and 7, which retain ^the Pst I site a facil±tate 

15 and introduce a ^o I site at tte ^ for the 

cloning .into fd^ ^T2. Tne ^ The 
oligonucleotide^ KS J * J wg a the port ion hybridising 
underlined region of KSJ/ snows i. * 
with the sequence for D1 *3- ql 

on KSJ6:5' AGS TGC AGC TGC_AGG_AGi^^ 

nnn r.TH AAC TTT C 3 
" KSJ7: 5' GfT GAC CTC ■ ■ ±e u ULLept 

PCR conditions were as f4 s ^° f ± S t S n We performed 
that, thirty cycles of PCR ampiir annealing at 

with denaturation at 92 C «nr « ■ 72 . c ' for x min ute. 
25 55'C for 1 minute and extension at 72 C *° Fa b 
The template used was DNA f rom TGI jells ° The 
D1.3 in pUC19 ^suspended in ^ water an icking 

template DNA was PJf ar ^ f fSS u i of distilled H 2 0 and 
some colony material .^M"^. " ixture was used in a 

30 boiling for 10 mins. lul °* aSlSication of the 

20ul PGR. , This /^..SSSSlf eoSS- n»t" fragment 
expected fragment of .J^SST^SiJ from an agarose 
was cut With Pst I and Xho I, fdC AT2. The PCR 

gel and .ligated into Ps t ^.^^J ™ and ethanol 
fixture was extracted with Phenol/d U a dlgest ion 
precipitated (Sambrook^et^ t 
with Pstl ; and Xhol (New ^| Aan n fragment was resolved 

r^^Sr^caffi. ^^raccording to 
— ^!Sf2 S vecSr^ » 

"e^anol ^**^Vl£es^ vect^DNA 'was ligated 
75ng of Pst 1 ^.}"X x9 ^ a i-digested hEGF-R 
to 40ng ^ of ^t^^*?^*^ (66mM TrisHCl 

fragment in 12ul o £ Axgi itol noOug/ml bovine 
( P H7.6) 5mM MgCl 2 , 5mW ^ ^xo*tou*^M W/^ 
serum albumin, 0.5mM ATP, fn -r 16 hours at 16°C. 

T4 DNA ligase (New England BioLabs) for lb nours * 
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Two pi of the ligation mixture was transformed into 
200pl of competent E.coli MC1061 cells, plated on 2TY 
agar containing 15|xg/ml tetracycline and incubated at 
30 °C for 20 hours. A portion of the ligation reaction 
5 mixture was transformed into E.coli MC1061 (Available 
from, for example Clontech Laboratories Inc, Palo Alto, 
California) and colonies identified by hybridisation with 
the oligonucleotide D1.3CDR3A as described in example 10. 
The presence of the VHCH1 gene fragment was likewise 

10 confirmed by PCR, using oligonucleotides KSJ6 and 7. A 
representative clone was called fd CAT2VHCH1 D1.3. The 
heavy chain was deleted from Fab D1.3 in pUC19 by Sph I 
cleavage of Fab D1.3 plasmid DNA. The pUC 19 2.7Kb 
fragment containing the light chain gene was purified 

15 from a TAE agarose gel, and lOng of this DNA self-ligated 
and transformed into competent E.coli TGI. Cells were 
plated on 2TY agar containing ampicillin (lOOpg/ml) and 
incubated at 30 °C overnight. The resulting colonies were 
used to make miniprep DNA (Sambrook et al. supra), and 

20 the absence of the heavy chain gene confirmed by 
digestion with Sph I and Hind . ill. A representative 
clone was called LCD1.3 DHC. 

An overnight culture of fd CAT2VHCH1. D1.3 cells was 
microcentrifuged at 13,000Xg for 10 minutes and 50]xl of 

25 the supernatant containing phage particles added to 50pl 
of an overnight culture of LCD1.3 DHC cells. The cells 
were incubated at 37 °C for 10 minutes and plated on 2TY 
agar containing ampicillin (lOOyg/ml) and 15pg/ml 
tetracycline. Phage were prepared from some of the 

30 resulting colonies and assayed for their ability to bind 
lysozyme as described in example* 6. 

The results (Figure 11) showed that when the heavy 
and light chain Fab derivatives from the original 
antibody Dl,3 were present, the pAb bound to lysozyme. 

35 pAb expressing the fd VHCH1 fragment did not bind to 
lysozyme unless grown in cells also expressing the light 
chain . This shows that a functional Fab fragment was 
produced by an association of the free light chain with 
VHCH1 fragment fused to gene III and expressed on the 

40 surface of the pAb. 
Example 8 

Isolation of Specific, Desired Phage from a Mixture of 
Vector Phage. 

The applicant purified pAb (D1.3) (originally called 
45 fdTscFvD1.3 in example 2) from mixtures using antigen 
affinity columns. pAb (D1.3) was mixed with vector fd 
phage (see table 1) and approximately 10 12 phage passed 
over a column of lysozyrae-Sepharose (prepared from 
cyanogen bromide activated sepharose 4B (Pharmacia, 
50 Milton Keynes, Bucks, UK. ) according to the manufacturers 
instructions. TGI cells were infected with appropriate 
dilutions of the elutes and the colonies derived, were 
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only the Pto (Dl-3) s»™ * ^ ith a si „gie 

fold enrichment <*J$'*£ ) e ££ ihtd phage and passing 
tfSn^'do&fSSSS enrichments of up to a million 
f °" SSSSi was also demonstrate. .using purely 
^unoiogic^crlteria For -p-g^/i., ^SjeSed 
ratio of 1 pAt J D1 -/ > *° * ieJtion, and then 26 colonies 
to two rounds of »*™** phage was then assayed 

^is^^'Sgs^^hei outof^arge 
popul«ions?Yy using "antigen to select and then screen 

xne j-xioy . ^ . ^-iev. After overnight: growxn, 

column, washed and eluted as above. 

C(A or T) GC COT CTA CTA CTG 
TGC 3 ;o^ole of oligonucleotide ^^Ward^ S., et 

lis "ESS atp I'm** 

??omole/S) to nitrocellulose filters at 67 C in 6 , x 
saline sodium citrate (BSC) Sambrook et al., supra 
buffer fS 30 minutes and allowed to "*» 
50 ^peiture for 30 mins, washed 3 x 1 min at 60'C xn 0.1 

x SSC. 
Example 9 



40 
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was 
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Construction of pAb Expressing Anti -hapten Activity 
Oxazolone is a hapten that is commonly used for studying 
the details of the immune response. The anti-oxazalone 
antibody, NQ11 has been described previously (E. 
5 Gherardi, R. Pannell, C. Milstein, J. Immunol. Method 126 
61-68). A plasmid containing the VH and VL gene of NQ11 
was converted to a scFv form by inserting the BstEII/SacI 
fragment of scFvD1.3 myc (nucleotides 432-499 of Fig. 5) 
between the VH and VL genes to generate pscFvNQll, the 

10 sequence of which is shown in fig. 13. This scFv was 
cloned into the Pstl/Xhol site of FdTPs/Xh (as described 
earlier) to generate pAb NQ11 has an internal Pstl site 
and so it was necessary to do a complete digest of 
pscFvNQll with Xhol followed by a partial digest with 

15 Pstl ) . 

The specific binding of pAb NQ11 was confirmed using 
ELISA. ELISA plates were coated at 37 °C in 50 mM NaHC03 
at a protein concentration of 200 pg/ml. Plates were 
coated with either hen egg lysozyme (HEL), bovine serum 

20 albumin (BSA), or BSA conjugated to oxazolone (OX-BSA) 
(method of conjugation in Makela O.,, Kartinen M. , 
Pelkonen J.L.T., Karjalainen K. (1978) J. Exp. Med. 148 
1644). Preparation of phage, binding to ELISA plates, 
washing and detection was as described in example 6. 

25 Samples were assayed in duplicate and the average 
absorbance after 10 minutes presented in figure 14. 

This result demonstrates that the pAb NQ11 binds the 
correct antigen. Figure 14 also shows that pAb D1.3 and 
pAb NQ11 bind only to the antigen against which the 

30 original antibodies were raised. / 
Example 10 

Enrichment of pAb D1.3 from Mixtures of Other pAb by 
Affinity Purification 

~ 3 x 10 1G phage in 10 mis of PBSM at the ratios of 
35 pAb D1.3 to pAb NQ11 shown in table 2 were passed over a 
1 ml lysozyme Sepharose column. Washing, elution and 
other methods were as described in example 8 unless 
otherwise stated. Eluates from the columns were used to 
infect TGI cells which were then plated out. Colonies 
40 were probed with a probe which distinguishes pAb D1.3 
from pAb NQ11. The sequence of this oligonucleotide 
(D1.3CDR3A) is:- 

5*GTA GTC AAG CCT ATA ATC TCT CTC 3' 

Table 2 presents the data from this experiment . An 
45 enrichment of almost 1000 fold was achieved in one round 
and an enrichment of over a million fold in two rounds of 
purification. This parallels the result described in 
example 8. 
Example 11 

50 Insertion of a Gene Encoding an Enzyme (Alkaline 
phosphatase) into fd-CAT2 

As an example of the expression of a functional 
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SSSily functions as a dimer ^_(Ho««*en, s 

i980 d )). 9 The 

SSPS^S ^A^^'aCT GTT GAA CGG ACA CCA 
Z^l C ^%^ « TTT CAG CCC CAG AGC GGC 

s sluice o f .ti^^rsrsjifss^iii 

20 Tris/BCl pH """^"^ ,--,-.";„! of Taq polymerase 

MBC1 2 . 0.01% gelatin, 0.25 ^f^,™. q T1 i tjmplate 
?Cetus/Perkin ^^^rite? DvoSaaroglou et al.. 

50'C, 3 mln at 72»C^ n _ oduct was extracted with 

according to manufacturers instructions IU J- J- w 

■ A 9 fter heat inactiv ^J^n^So£ 0.4 
NaCl was added to \ £ ^^^^SS^aan tar 2 hours 
units/ul NOtl enzyme added. After ^ n ^_ henol . chloroform 
at 37'C, the digest «V"*SSf bSS dissolved in 30ul 
and Precipi^ted^as above ^5g"i2"SU«tlallT digested 
of water. The^ vector fd ^^a q ^^urers 

with Apa LI ar f^LA ^iS calf intestinal alkaline 

^ W ?S e^S^co^at^ 
ligations were performea wltt a^Jiinaij™^ dioestea PCR 

45 of l-2n0/ul _of »™ ™ ^"^formed" "inK' competent 

?ifcSis r piK s^.ss-u.tssss 

50 HtS^r^es."^ s&s 
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of the cloning region is given in figure 15. 
Example 12 

Measuring Enzyme Activity of Phage-enzyme 

Overnight cultures of TGI or KS272 (E.coli cells 
5 lacking phoA. Strauch K. L., and Beckwith J. PNAS 85 
1576-1580, 1988) cells containing either fd-phoAla 166 or 
fd-CAT2 were grown at 37 °C in 2xTY with 15ug/ml 
tetracycline. Concentrated, PEG precipitated phage were 
prepared as described earlier. Enzyme assays (Mai amy, 

10 M.H. and Horecker B.L., Biochemistry 3, pl893-1897, 
(1964)) were carried out at 24° C in a final concentration 
of 1M Tris/HCl pH 8.0, IraM 4-nitrophenyl phosphate 
(Sigma), ImM MgC12. lOOyl of a two times concentrate of 
this reaction mixture was mixed with lOOpl of the test 

15 sample in a 96 well plate. Absorbance readings were 
taken every minute for 30 minutes at a wavelength of 
405nm in a Titretek Mk 2 plate reader. Initial reaction 
rates were calculated from the rate of change of 
absorbance using a molar absorbance of 17000 1/mol/cm. 

20 Standard curves (amount of enzyme vs. rate of change 

of absorbance) were prepared using dilutions of purified 
bacterial alkaline phosphatase (Sigma type III) in lOmM 
Tris/HCl pH 8.0, ImM EDTA. The number of enzyme 
molecules in the phage samples were estimated from the 

25 actual rates of change of absorbance of the phage samples 
and comparison to this standard curve. 

The results in Table 3 show that alkaline 
phosphatase activity was detected in PEG precipitated 
material in the sample containing fd-phoAlal66 but not 

30 fd-CAT2. Furthermore, the level of activity was 
consistent with the expected number of 1-2 dimer 
molecules of enzyme per phage. The level of enzyme 
activity detected was not dependent on the host used for 
growth. In particular, fd-phoAlal66 grown on phoA minus 

35 hosts showed alkaline phosphatase activity. 

Therefore, the phage expressed active alkaline 
phosphatase enzyme, from the phoA-gene III fusion, on the 
phage surface. 
Example 13 

40 Insertion of Binding Molecules into Alternative Sites in 
the Phage 

The availability of an alternative site in the phage 
for the insertion of binding molecules would open up the 
possibility of more easily expressing more than one 

45 binding molecule e.g. an antibody fragment in a single 
pAb. This may be used to generate single or multiple 
binding specificities. The presence of two distinct 
binding activities on a single molecule will greatly 
increase the utility and specificity of this molecule. 

50 It may be useful in the binding of viruses with a high 
mutational rate such as human immunodeficiency virus. In 
addition, it may be used to bring antigens into close 
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5 here, haw » sln 9 le /"SL the expression of peptide 
5 previously been » s u f £ J? r J^iSntous bacteriophage 

0 'i^riteSative^ £ or the insertion 

of antibody fW 8 "* 8 *^^ scF v's from Dl.3 or NQ11 were 
DNA fragments encoding scFVs r These 

generated 'by PCR usxng J***"^ \ f ragin ent with BamHl 
primers were designed to gen a r e » loning into the 

L5 ESes near both ^the £ - ^SrS 16(1)). The 

BamHl s*te of gene3 ( resulting PCR 
oligonucleotides used, also ^^^^ sit es normally 
product lacks ^sc^ (see figure 16(D)- 

used for 'manipulating ^]f_^ mfini l ulat± on of a second 

20 This will/ a ^" a I n ^rusuaT way at the N terminus ox 

iSSi'SE ^ SS £ S SS GAT CTC AAG CTT 3- . 

25 S^^^rio^war-c^So out in an SO ul 

The PCR reaction w ^s carr u ^ f 

reaction as described in example ^ ^ 

template and Q.25U/U1 ox * * minute and 70 C 
regLe o£ 94-C fo^ 1 mxnute 60 C tor ^ 

30 for 2 mirtutes over^SC ^ cycles - ™* ( example 2). 

pscFvNQll (example J> °*J47 with phenol '.chloroform 

dissolved in water ■._ cleaved with BamHl and 

The vector fdTPs/Xh was ^JffTJL and purified as 
treated with calf ■ ^^^^^^SrTirt up at a 
described in exajople ' J^SSSy 6ng/pl and a PGR 
vector concentration of a PP ro .^Z: 1 „ J 3na / u i. These were 

Insert *M^^^r?T^t£^«V«» bef °~ 

ligated for 2.5 hours at 5°° lls ^ plating on TY 
transforming ^to competent TGI cells v & ed ag 

Lt olate-s. The resultant colonxe^ ^ & number 
described in c ° orr ecr orlen^ion" and insert size 

of colonics ^ d ^.^^Vaestion with Hind III in 
confirm, by /^^S^H^ < 0ne Hind J? 1 

S^M^^ ^ ^ 

by ^"SSSe's containing a £.3i~-^^J5> 

f dTBam2) and one contaxnxng an NQ11 xnserr 
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were grown up and phage prepared as described earlier. 
ELISAs were carried out as described in example 6. No 
specific signal was found for any of these clones 
suggesting that the natural BamHl site is not a suitable 
5 site for insertion of a functional antibody (results not 
shown ) • 

It may be possible to clone into alternative sites 
to retain binding activity. The peptide repeats present 
in gene III may provide such a site (figure 16 blocks A 

10 and B). This can be done by inserting a BamHl site and 
using the PCR product described above. To facilitate 
this, the natural BamHl site was removed by mutagenesis 
with the oligonucleotide G3mut6Bam shown below (using an 
in vitro mutagenesis kit (Amersham International)):- 

15 G3mut6Bam 5' CA AAC GAA TGG GTC CTC CTC ATT A 3* 

The underlined residue replaces an A residue, thereby 
removing the BamHl site. DNA was prepared from a number 
of clones and several mutants lacking BamHl sites 
identified by restriction digestion. 

20 The oligonucleotide G3 Bamlink was designed to 

introduce a BamHl site at a number of possible sites 
within the peptide linker sites A and B, see figure 
16(2). The sequence of the linker is: 

Bamlink 5'CC (G or A) CC ACC CTC GGA TCC (G or A) CC ACC 

25 CTC 3' 

Its relationship to the peptide repeats in gene III is 
shown in figure 16. 
Example 14 

PCR Assembly of Mouse VH and VL Kappa (VLK) Repe rtoires 

30 for Phage Display " 

The principle is illustrated in figure 17. Details 
are provided in sections A to F below but the broad 
outline is first discussed. 

1. cDNA is prepared from spleen RNA from an appropriate 
35 mouse and the VH and VLK repertories individually 

amplified. Separately, primers reverse and 
complementary to VH1F0R-2 (domain 1) and VLK2BACK 
(domain 2) are used to amplify an existing scFv- 
containing DNA by PCR. (The term FOR refers to e.g. 
a primer for amplification of sequences on the sense 
strand resulting in antisense coding sequences. The 
term BACK refers to e.g. a primer for amplification 
of sequences on the antisense strand resulting in 
sense coding sequences). This generates a 'linker 1 
45 molecule encoding the linker with the amino acid 

sequence (1 letter code) (GGGGS) 3 which overlaps the 
two primary (VH and VLK) PCR products. 

2. The separate amplified VH, VLK and linker sequences 
now have to be assembled into a continuous DNA 
molecule by use of an r assembly 1 PCR. In the 
secondary 'assembly; PCR, the VH, VLK and linker 
bands are combined and assembled by virtue of the 
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above referred to * n at will direct the 

Assembled DNA f r ^^ t VI J h domain The specific 
expression of W o4 °n e j£ ve Trandomly from the 
VH/VLK combination derive d tQ ^ove. 

5 separate VH and VLK repertoxres rete ^ g _ 

5 The assembly PCR *f, "^ff .} U st the three bands 

Pirstlv 7 rounds of cycling with 20 roun ds in 

present in the PGR, followed by a J™£^ (re ferring 
the presence of the pr ^e nucleotide sequences 

in to domain 1 of VH) and VLKFOR. T he n ed the 

10 for ?hese oligonucleotide Pr^J^g? Llow. This two 
section entitled 'Pr^er Se^ences ^ prQbl of 

^j^rt^^ " first — to 

15 be assemb ^ , ^ge 5^*— 

repertoires must be V* 3 ^ L le W pV OV ided below this is 
reitrictioh sites. £J*® e *^r restriction site at the 
illustrated by providing an^l^ ^ a x ^ 

Sird stage ^R-^ 0 Sg^SS Pri-rs 
seauences for tnese ---M-i-ied 'Primer Sequences 

prSvSed under ^ section Lppa light chain 

below. Th>re are however , 4 |os heavy chain 

sequences (whereas a ^ingle^c^ ^ oligonuc i eo tide 

SK S t^~>SSr^S; of primers which 

o^^'Sy® o?^ rts?rIction f ^Thave 
nucleotides on the 5' side oftje ^ cut ting, 

been used. Ho ^nuc!eotSf ov^gs could be used 
in which case 15-20 n nu ^~~:" dures m ust be used at all 
scrupulously clean P""*^ dl £ ing PC R. Negative 
times to. avoid cent amotion duri g ^ ^ 

controls containing no ^ ™ x Gel J boxes must be 
monitor for conta^mination^ kit Q l0 i 

depurinated. ... ."A ,^^^0, California, USA) can be 
Geneclean, La Jolla, San Diego, instruc tions to extract 
used according to manuf actur ers £s ^ ^ ^ wash 
DNA from an agarose gel. The Dea 

should be aliquoted. . . f CP Laboratories, P.O. 

All enzymes were obtained 3dh and the 

Box 22, Bishop's _Stortford, ^£? ed ^ uf £ers we re used 

manufacturers recommei»«=« " 

unless otherwise stated. 

A bna Preparation nrocedures well known 

hz —^Sr^rm^.^ ix ^ ar P A r s ° C ^ example, the 
to those skilled ^ n x-100 lysis, phenol/SDS RNase 
following protocol (Triton ^10 0 ^si ' g ^ 

SSdo^li^e 6 ^^ of VRC (veronal ribosyl 
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complex) as an RNase inhibitor is necessary for spleen 
cells). Guanidinium isothiocyanate/CsCl procedures 
(yielding total cellular RNA) also give good results but 
are more time-consuming. 
5 1. Harvest 1 to 5 x 10 7 cells by centrifugation in a 
bench tope centrifuge at 800xg for 10 minutes at 
4°C. Resuspend gently in 50ml of cold PBS buffer. 
Centrifuge the cells again at 800xg for 10 minutes 
at 4°C, and discard supernatant. 
10 2. On ice, add 1 ml ice-cold lysis buffer to the pellet 
and resuspend it with a 1ml Gilson pepette by gently 
pepetting up and down. Leave on ice for 5 minutes. 

3. After lysis, remove cell debris by centrifuging at 
1300 rpm for 5 minutes in a microfuge at 4°C, in 

15 precooled tubes. 

4. Transfer 0.5 ml of the supernatant to each of two 
eppendorfs containing 60pl 10% (w/v) SDS and 250 \xl 
phenol (previously equilibrated with 100 mM Tris-HCl 
pH 8.0). Vortex hard for 2 minutes, then microfuge 
(13000 rpm) for five minutes at room temperature. 
Transfer the upper, aqueous, phase to a fresh tube. 

5. Re-extract the aqueous upper phase five times with 
0.5 ml of phenol. 

6. Precipitate with 1/10 volume 3M sodium acetate and 
2.5 volumes ethanol at 20 °C overnight or dry ice- 
isopropanol for 30 minutes. 

7. Wash the RNA pellet and resuspended in 50 ]xl to 
check concentration by OD260 and check 2 pg on a 1% 
agarose gel. 40pg of RNA was obtained from spleen 

30 cells derived from mice. 

Lysis buffer is [lOmM Tris-HCl pH 7.4, ImM MgC12, 150mM 

NaCl, lOmM VRC (New England Biolabs), 0.5% (w/v) Triton 

X-100], prepared fresh. 
35 Lysis buffer is [lOmM Tris-HCl pH 7.4, ImM MgClo, 

150mM NaCl, lOmM VRC (New England Biolabs), 0.5% (w/v) 

Triton X-100], prepared fresh. 

B. cDNA Preparation 

cDNA can be prepared using many procedures well 
40 known to those skilled in the art. As an example, the 

following protocol can be used: 

1. Set up the following reverse transcription mix: 

Hi 

H 2 0 (DEPC- treated) 20 
45 5mM dNTP 10 
10 x first strand buffer 10 
0.1M DTT 10 

FOR primer(s) (10 pmol/pl) 2 (each) (see below) 

RNasin (Promega; 40 U/jil) 4 
50 NB 

i) DEPC is diethylpyrocarbonate, the function of which 
is to inactivate any enzymes that could degrade DNA 
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or RNA 



j • \ dNTP is deoxynucleotide triphosphate 

5 necessary for enzyme functio^ obtained from 

iV ' fro^a 1 %o\po" ea "800 nhl woo a s Hollow Road, 
Madison, Wisconsin, USA. volume with DEPC- 

2. Dilute. 10 ug RNA to 40 ^ minutes and hold 
"^"lor-onrminute 5 (to remove secondary 



3 . 

and 4 ul of tne cioneu Whitehall House, 

EJMS. 'c^er^sse,, and incubate at 

fnr one minute and then spin w ^ ^ ^ = nou 

20 Pallet debris. Transfer tne su^— 

S^'first strand buffer is [1.4M KC1, 0.5M Tris-HCl 

p H 8.1 at 4 ? eC ^Sflo'the 3' end. Examples of kappa 
The primers anneal to_m J ^jkzfonx, MJK4F0NX and 

25 light chain primes fences' below) and 

MJK5F0NX (provided under *™ Bi ^__ mtcjri 2 (CTG GAC AGG 
examples of heavy .chain pr^ers wWWl^2 (ere ^ ^ 
GAT CCA GAG TTC CA) and MIGG3 (CTG W*. aw 
TTC CA) which anneal to CHI . 3 , end 

30 Alternatively, any b ££ ,S to tne constant 

of the variable regions VH, vlk, vl., 
regions CHI, CK or CL can be used. 

C. Prim ary PCRs „ 0 „ a+ -^ Tt3 control the following 

For each PCR and ^^^^'fox each of the 

35 reactions are set up (eg. one , react xon fo ^ ^ 

four VLKs and four JH PCRs). in t Ltd (New 

Sland 1 SKS) "duress ^n a?ove) was used. The 
bulfSs are as provided by^.P. Laboratories. 



Mi 
32.5 



H 2° * 

10 x Vent buffer . . » 

20 x Vent BSA 

45 FOR primer 10 pmol/jil) ^-^ 
BACK" primer lOpmol/pl 2.5 



Th e FOR and BACK btW ^vl" F^' pSmef!" 
entitled 'Primer sequences F °L™^ me F ^ ^ F0R 
50 VH1F0R-2 and the BACK P^J^SonI M3K5FONX 
?IcTSe fo^gSve^Ppa light chains) and the BACK 
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primer is VK2BACK. Only one kappa light chaxn BACK 
primer is necessary, because binding is to a nucleotide 
sequence common to the four kappa light chains. 

UV this mix 5 minutes. Add 2.5 ul cDNA preparation 
5 (from B above), 2 drops paraffin oil { Sigma " Chemicals, 
Poole, Dorset, UK). Place on a cycling heating block, 
e.g. PHC-2 manufactured by Techne Ltd. Duxford UK, pre- 
set at 94 °C. Add Vent DNA polymerase under the 
paraffin. Amplify using 25 cycles of 94 °C 1 min, 72 °C 2 

10 min. Post-treat at 60°C for 5 min. 

Purify on a 2% Imp (low melting point aoarose/TAE 
f tris-acetate EDTA )gel and extract the DNA to 20 jal H->0 
per original PCR using a Geneclean kit ( see earlier ) in 
accordance with the manufacturers instructions. 

15 D. Preparation of linker 

Set up in bulk (e.g. 10 times ) 

Hi 

H 2 0 34.3 

10 x Vent buffer 5 
20 20 x Vent BSA 2.5 

5mM dNTPs 2 

LINKFOR primer 10 pmol/ul) 2.5 

LINKBACK primer 10pmol/ul 2.5 

DNA from fcFv D1.3 (example 2) 1 
25 Vent enzyme 0.2 

The FOR and BACK primers are given in the section below 

entitled ' Primer Sequences * . The FOR primer is LINKFOR 

and the BACK primer is LINKBACK. Cover with paraffin and 
30 place on the cycling heating block (see above) at 94 °C. 

Amplify using 25 cycles of 94°C 1 min, 65°C 1 min, 72°C 2 

min. Post- treat at 60 °C for 5 min. 

Purify on 2% Imp/TAE gel (using a loading dye 

without bromophenol blue as a 93bp fraoment is desired) 
35. and elute with SPIN-X column ( Costar Limited, 205 

Broadway, Cambridge, Ma. USA.,) and precipitation. Take 

up in 5 \il H 2 0 per PCR reaction. 

E. Assembly PCRs 

A quarter of each PCR reaction product (5ul) is 
40 used for eacn assembly. The total volume is 25ul. 

For each of the four VLK primers, the following are 

set up: 

HoO 4.95 
45 10 x Vent buffer 2.5 
20 x Vent BSA 1.25 
5mM dNTPs 0.8 



50 



UV irradiate this mix for 5 min. Add 5ul eacn cf Vh and 
VK band from the primary PCRs and 1.5 .ul cf linker as 
isolated from the preparative gels and extracted usmc 
tne Geneclean kit as described in C and D aoove. Cover 
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„ ith .ara^in. Place on * S^JSJ^SJS^SSS 
oT^cT^n-T/^n. T„e„ re,um « 

pmol/ul) a" 94 c " *" lif J using 20 cycles of 94 C I.d 
treated v as above. J^fjJ^? 6 0'C for 5 min. Purify 

15 36.5 

H 2° ^ 5 

10 x Taq buffer 2 

5mM dNTPs _ 2 .5 
FOR primer l iu pmux/ ^ , 
BACK primer (10 pmol/ul) ^ 

Assembly product 

i.up section taslow 

The FOR and BACK primers are ™ mBT is any of 

entitled '^^f^Slb or JKSNOtJLo (for the four 
JKINOTIO, JK2NOT10 JK4N0 ^ ° for put ting a Notl 
respective kappa light chains) e F BACK primer is 

restriction site at the VLK site a t the VH 

HBKAPA10 for putting an Apan 
30 Cover with paraffin and place on the cycli* grating 

30 block Preset at . "-C. ^nVf ield , Bucks, UK) 

polymerase ( Cetus/perkin-Elmer carried out using 

Snder the Paraffin j"^^££,ds on ef f iciency ) at 
11 to 15 rounds of ^%? c \ min . PoS t-treat at 60 C 
35 94°C I mm, C i mm, 

f ° r "if* Taa buffer is [0 ,.1M Tris-HCl pH 8.3 at 25-C. 
0.5M KC1, 15mM MgCl 2 , 9 elat:Ln] ' 

r,. work-up PHClo/IAA (isoamylalcohol), once 

40 "Purify once wlth u ,^ C1 |C C i„/i A A and back-extract 

with Dhenol, once with CH C 13 Prec ipitate and 

. everything ,0 ensure ---J^-^Oul H 2 0 
wash twice in 70% EtOH._ ui» ul 
Dt ^ o» a ni 9 « at ^ ( . ; ^, W 

45 neb Notl buffer x 10 1U 

NEB BSA X 10 *JJ 
Notl (10 tne ass embled 

The DNA - joined sequence, aoove refers 
50 DNA seouence comprising in the - 
ApaLl restriction site 
VH sequence 
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Linker sequence 

VLK sequence 

Not 1 restriction site. 

The VLK sequence may be any one of four possible 
5 kappa chain sequences. 

The enzymes Not 1 above, ApaLl below and the buffers 
NEB Not 1, NEB BSA above and the NEB buffer 4 (below) are 
obtainable from CP Laboratories, New England Biolabs 
mentioned above. 
10 Re-precipitate, take ud in 80^1 H 2 0. Add to this 

10\xl NEB buffer 4 and 10pl Apal 1. 

Add the enzyme ApaLl in aliquots throughout the day, 
as it has a short half -life at 37 D C. 

Purify on 2% lmp/TAE gel and extract the DNA using a 
15 Geneclean kit, in accordance with the manufacturers 
instructions. Redigest if desired. 
H. Final DNA product 

The final DNA product is an approximate 700 bp 
fragment with Apa LI and Notl compatible ends consisting 
20 of randomly associated heavy and light chain sequences 
linked by a linker. A typical molecule of this type is 
the scFvD1.3 molecule incorporated into fdscFvD1.3 
described in example 3. These molecules can then be 
ligated into suitable fd derived vectors, e.g. fdCAT2 
25 (example 5), using standard techniques. 
Primer sequences 

Primary PCR oligos (restrictions sites underlined): 
VH1FOR-2 TGA GGA GAC GGT GAC C GT GGT CCC TTG GCC CC 
VH1BACK AGG TSM ARC TGC AGS AGT CWG G 
30 MJK1FONX CCG TTT GAT TTC CAG CTT GGT GCC 
MJK2F0NX CCG TTT TAT TTC CAG CTT GGT CCC 
MJK4FONX CCG TTT TAT TTC CAA CTT TGT CCC 
MJK5FONX CCG TTT CAG CTC CAG CTT GGT CCC 
VK2BACK GAC ATT GAG CTC ACC CAG TCT CCA 
35 - Ambiguity codes M = A or C. R = A or G, S = G or C. 
W = A or T 

PCR oligos to make linker: 

LINKFOR TGG AGA CTC GGT GAG CTC AAT GTC 



40 



LINKBACK GGG ACC ACG GTC ACC GTC TCC TCA 
For adding restriction sites: 





HBKAPA10 


CAT 
GG 


GAC 


CAC 


AGT 


GCA 


CAG 


GTS 


MAR 


CTG 


CAG 


SAG 


TCW 


45 


JKINOT10 


GAG 


TCA 


TTC 


TGC 




CGC 


CCG 


TTT 


GAT 


TTC 


CAG 


CTT 


JK2NOT10 


GGT 
GAG 


GCC 
TCA 


TTC 


TGC 


GGC 


CGC 


CCG 


TTT 


TAT 


TTC 


CAG 


CTT 




JK4NOT10 


GGT 
GAG 


CCC 
TCA 


TTC 


TGC 




CGC 






TAT 




CAA 




50 


JK5NOT10 


TGT 
GAG 


CCC 
TCA 


TTC 


TGC 


GGC 


CGC 




TTT 


CAG 


CTC 


CAG 








GGT 


CCC 
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5 SoforT BB < h-PDGFB-R) was £ plasra id RP41. " 

using the polymerase chain JS?S?e collection, cat. 

m 55; PDSF-B receptor (Gronwald R-G.K. |*_ h _ pDGFB _ R 
10 ^35-^39 (1988)).. ^ ^ 1 to 3^ 

Constitute the signal P«£*J£ ; reg . Qn of the h- 

primers were <* esl ^ ed *° a 3, X amino acids 43 to 531 of 
Idgfb-R: gene corresponding M» ami^ rpdgF3 for the N- 
m the encoded protein. Tne P encoding amino acids 

15 Xrminal region also^luded bases ^ l nding to the 
;f7 0 42 of the h-PDGFB-R PJ^*" i^ inus of the mature 
1LS ten amino acids ^"^Jton S the complete 
ft**.^* to enable expression incorporate a 

unique ApaLl site at tne « terminal end to 

and a unique Xhol site at the ^ ^ sequence 

facilitate cloning mto the vecw 
of the primers is: 

0 01% gelatin, IBM each of ^Ymer and 50 units/ml Tag 
SOOng/ml RP41 UNA, ^ ea %*JJ? &T B ££ons field, Bucks, 

35 ^S^^^S^of^i wS Performed with 
U.K.). Tnir ^ y o£r for 1 min, annealing at 60 C : for 
denaturation at 92 C for 1 mi , This reaction 

imin and ^tension at 72 C fa r of ca . l50 0bp as 

resulted in amplification ot a «- y 

40 expected. ^ . c „ oxamole 5) was digested with 

4 Sector and identification of the desire except that 
performed . essentially ^"^th ApaLl and Xho 1. 
Sgestlon of the PCR ^.^"L identified by 
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conditions described in example 7. 
Example 16 

Binding of 125I-PDGF-BB to the Extracellular Domain of 
5 the Human Receptor for Plarelet Derived Growth Factor 
Isoform BB Displayed on the Surface of fd Phage. 
Measured using an Immunoprecipitation Assay. 

Phage particles, expressing the extracellular domain 
of the human platelet derived growth factor isoform BB 

10 receptor (fd h-PDGFB-R ) , were prepared by growing E.coli 
MC1061 cells transformed with fd h-PDGFB-R in 50ml of 
2xTY medium with 15ug/ml tetracycline for 16 to 20 hours. 
Phage particles were concentrated using polyethylene 
glycol as described in example 6 and resuspended in PDGF 

15 binding buffer (25mM HEFES, pH7.4, o.lSroM NaCl, ImM 
magnesium chloride, 0.25% BSA) to l/33rd of the original 
volume. Residual bacteria and undissolved material were 
removed by spinning for 2 min in a mocrocentrif uge. 
Immunoblots using an antiserum raised against gene III 

20 protein (Prof. I. Rashed, Konstanz, Germany) show the 
presence in such phage preparations of a genelll-h-PDGFB- 
R protein of molecular mass 125000 corresponding to a 
fusion between h-PDGFB-R external domain (55000 daltons) 
and genelll (apparent molecular mass 70000 on SDS- 

25 polyacrylamide gel). 

Duplicate samples of 35*il concentrated phage were 
incubated with 125 I-FDGF-BB (78.7fmol, 70nCi, 882Ci/mmol; 
Amersham International pic, Amersham, Bucks) for 1 hour 
at 37°C. Controls were included in which fdTPs/Bs vector 

30 phage (figure 4) or no phage replaced fd h-BDGFB-R phage. 
After this incubation, lOul of sheep anti-M13 polyclonal 
antiserum (a gift from M. Hobart ) was added and 
incubation continued for 30 min at 20° C. To each sample, 
- 40ul (20ul packed volume) of protein G Sepharose Fast 

35 Flow (Pharmacia, Milton Keynes) equilibrated in PDGF 
binding buffer was added. Incubation was continued for 
30 min at 20 °C with mixing by end over end inversion on a 
rotating mixer. The affinity matrix was spun down in a 
microcentrifuge for 2 min and the supernatant removed by 

40 aspiration. Non-specif ically bound ^Sj.pdgf-BB was 
removed by resuspension of the pellet in 0.5ml PDGF 
binding buffer, mixing by rotation for 5 min, 
centrif ugation and aspiration of the supernatant, 
followed by two further washes with 0.5ml 0.1% BSA, 0.2% 

45 Triton-X-100. The pellet finally obtained was 
resuspended in lOOul PDGF binding buffer and counted in a 
Packard gamma counrer. For displacement studies, 
unlabelled PDGF-BB (Amersham International) was added to 
the stated concentration for the incubation of 125 I-PDGF- 

50 BB with phage. 

I25I-PDGF-BB bound to the fd h-PDGFB-R phage and was 
immunoprecipitated in this assay. Specific binding to 
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nhaae was 3.5 : to 4 times no phage 

receptor g^SnT-ith vector pha q 2 $*™g* m could be 
specxfxc binaing _ binding of * * d p DG F-BB in the 

(fig - h ; v the inclusion of unl f^ led 20 ). At 50nM, 
displaced by .the in ^ 3J , C (fig . jO^ was 

in ?2SSS PW-S binding or I ^ nQ 

unlabellea r x as tne faTPs/o the 

reduced to tM^ ^ same data, 

control. t o ve ctor deducted. sa turable 8 

noh-^^^J^iSiaT. that a specxf^ ^ aining 
^*Ep»-» is jessed on £ d ^f^^ the 
SSef ^^Siu^ao^f a cell surface 
functional extrac rnntaininoGenelll 
^ceptor. ^^jcI^l^^ 

wvam ple l'. , u , 1inri Srrr » oni^ lo r i» . .^ZIZIuTi Mill 

■^^^^^^Sf^^S^S^ also 

It wouia d pnage _binding molecu liferent numbers 
efficiency of the - V™* f disp iaymg dif *^ en ^ rI aCe of 
to have ^^^^ng molecules^ th« surf r 
and specix-.—r ophage . The applies- — 
2yn* "ts^er^- from the pha^id system 

, The nSl rfviSca! J and Messing, J. < > 
based on pOC^l9 3 [Vie , m ro_ ^ 

Enzymol- - 1M "v* ^ ttt scFv fusion trom ^ 1 c 

(example 5) ^d gene ^ III jc^ downstream of the 1^ 

D 1.3 (example 2 a «ere^ q£ pUC119, in order t 
oromoter in separate TII fuS ion could De j-<= 

Inserted gene III «*^ v ££». a and Messing J. £ 
by M13M07 helper phage > I Sambrootz et ^ 

express va ^ n 9 norm al maximum of 3-5 sys tem has 

been exemplified « ^ ^ 

molecule. conta ining the single ^chain fv ing 

fra r^ *nd Xhol digested fdC^T 2 - plating 
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clone, calieo "^_ii ne - _ ( I5ug/ml ) ana co "^ ' 

Primer. A: TGw w ^ 
AAC G 
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Primer E: CAG TGA ATT CCT ATT AAG ACT CCT TAT TAC GCA GTA 
TGT TAG C 

Primer A anneals to the 5' end of gene III including 
the ribosome binding site is located and incorporates a 
5 Hind III site. Primer B anneals to the 3 1 end of gene 
III at the C- terminus and incorporates two UAA stop 
codons and an EcoRl site- 100 ng of fd-CAT2 and fd-CAT2 
scFv D1.3 DNA was used as templates for PCR-amplif ication 
in a total reaction volume of 50pl as described in 
10 example 7, except that 20 cycles of amplification were 
performed: 94 °C 1 minute, 50 °C 1 minute, 72 °C 3 minutes. 
This resulted in amplification of the expected 1.2Kb 
fragment from fd-CAT2 and a 1.8Kb fragment from fd-CAT2 
scFv D1.3. 

15 The PCR fragments were digested with EcoRl and Hind 

III, gel-purified and ligated into Eco-Rl- and Hind Ill- 
cut and dephosphorylated pUC119 DNA and transformed into 
E.coli TGI using standard techniques (Sambrook et al., et 
supra ) . Transformed cells were plated on SOB agar 

20 (Sambrook et al. 1989 supra) containing lOOpg/ml 
ampicillin and 2% glucose. The resulting clones were 
called pCAT-3 (derived from fd-CAT2) and pCAT-3 scFv D1.3 
(derived from fd-CAT2 scFv D1.3). 

Example 18, Rescue of Anti-Lysozyme Antibody Specificity 

25 from pCAT-3 scFv D1.3 by M13K07 

Single pCAT-3 and pCAT-3 scFv D1.3 colonies were 
picked into 1.5ml 2TY containing lOOpg/ml ampicillin and 
2% glucose, and grown 6 hrs at 30 *C. 30ul of these 
stationary cells were added to 6mls 2YT containing 

30 lOOpg/ml ampicillin and 2% glucose in 50ml polypropylene 
tubes (Falcon, Becton Dickinson Labware, 1950 Williams 
Drive, Oxnard, CA. USA) and grown for 1.5 hrs at 30*C at 
380rpm in a New Brunswick Orbital Shaker (New Brunswick 
Scientific Ltd., Edison House 163 Dixons Hill road. North 

35 Mimms, Hatfield, UK). Cells were pelleted by 
centrifugation at 5,000g for 25 minutes and the tubes 
drained on tissue paper. The cell pellets were then 
suspended in 6mls 2TY containing 1.25xl0 9 p.f.u. ml" 1 
M13K07 bacteriophage added. The mixture was left on ice 

40 for 5 minutes followed by growth at 35 # C for 45 minutes 
at 450rpm. A cocktail was then added containing 4ul 
lOOyg/ml ampicillin, 0.5ul 0.1M IPTG and 50ul lOmg/ml 
kanamycin, and the cultures grown overnight ax 35°C, 
450rpm. 

45 The following day the cultures were centrifuged and 

phage particles PEG precipitated as described in example 
6. Phage pellets were resuspended in 100ul TE (tris-EDTA 
see example 6) and phage titred on E.coli TGI. Aliquots 
of infected cells were plated on 2TY containing either 

50 lOOpg/mi ampicillin ro select for pUC119 phage particles, 
or 50pg/ml kanamycin to select for the M13 K07 helper 
phage. Plates were incubated overnight at 37 "C and 
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antibiotic-resistant colonies counted: ^ 

DNft f| x ioll colonies 1.2x10] colonies 

pCAT-3 • J'lSol 1 colonies 2. OxlO 9 colonies 

pCAT-3scFv D1.3 *' 4 *;° _f°R phagemid particles are 

5 P This shows that th e ^^phage population at 

Lxs/^ deSibW e^plen, ^the follows 
10 ?f ^ESsTplates were blocked for 3 hrs with 2% 
Marvel/PBS. BS and 50 ul 20% Marvel were 

^'enTrcr ^minutes -t — — «~~ 

15 ITlJSS^ 1 ^* To kna for 2 hours 3t r °°" 

temperature. ^ binding were: 

4) ^i*"?Wnlls PBS/0.5% ween 20 

3*2"minuS washes PBS/0.5* Tween ^ 
20 ? SuSTrinses PBS no detergent 

l^u« wa r s PBS^ detergent figure 22, 

^^T^t^tiSS^pecU^ can indeed he 
25 rescued j^g-g^ . truis. of ^ct^ia! ge^^ 

the same cell, the wild Type p preferentially, 
same cell, the wild-typ^ protein P wherein mutant 

30 This is analogous to the above si^u m proteins 

(i.e. antibody fusion) ^and wild as part of the 

[from M13K07) are competing ^or envisaged that 

PUC119 phagemid^particle. It is t P ar , tic1 ^ 
the majority of t ^ e re / I i_ a S i body fusion molecules on 
35 will have fewer gene III ^ 1D °^ r urely phage system 
their surface than is the cas * *°; P 2 . * S uch phagemid 
Scribed for instance in exam pL a 2^ ^ a 

antibodies are theref ore 1 ^Lodies with three or more 
lower avidity than fd P^e^l"* °r_ ir surfaces (there is 
40 copies of the antibody fusion described for 

no wild-type gene III, in w * rovlde a route to 
instance, in example 2) an different numbers of 
production of phage P^ 101 ^ ^ nce different acidities 

*\ %*s**ir\rr molecule \ ana ne" uc , . ^ r- 4- MnHinO 

Scflff^/ V'SirSS pressing two or more 

~^-r H<-irl\r fusions. . . „ 4-v, 9 t rio 
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gene m-antibody fusions. _ helper phage that do 

9 It is also possible to derive v genomes (by for 
not encode a ^^^^'se^encfor I portion of it 

^JSg^^^ ^^ within the 9 } ' 
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These defective phages will only grow on appropriate 
cells (for example that provide functional gene III in 
trans, or contain an amber supressor gene), but when used 
to rescue phage antibodies, will only incorporate the 
gene III antibody fusion encoded by the phagemid into the 
released phage particle. 

Example 19, Transformation Efficiency of pCAT-3 and 
pCAT-3 scFv D1.3 phagemids 

pUC 19, pCAT-3 and pCAT-3 scFv D1.3 plasmid DNAs, 
and fdCAT-2 phage DNA was prepared, and used to transform 
E.coli TGI, pCAT-3 and pCAT-3 scFv D1.3 transformations 
were plated on SOB agar containing lOOpg/ml ampicillin 
and 2% glucose, and incubated overnight at 30 °C. fdCAT-2 
transformations were plated on TY agar containing 15^g/ml 
15 tetracycline and incubated overnight at 37°C. 
Transformation efficiencies are expressed as colonies per 
]xg of input DNA. 

DNA Transformation efficiency 

20 pUC 19 1.10 5 

pCAT-3 1 . io 8 

pCAT-3scFv D1.3 1.10 8 

fd CAT-2 8.10 5 

As expected, transformation of the phagemid vector 
25 is approximately 100-fold more efficient that the 

parental fdCAT-2 vector. Furthermore, the presence of a 

scFv antibody fragment does not compromise efficiency. 

This improvement in transformation efficiency is 

practically useful in the generation of phage antibodies 
30 libraries that have large repertoires of different 

binding specificities. 

Example 20 

PCR Assembly of a Single Chain Fv Library from an 
Immunised Mouse 

To demonstrate the utility of phage for the selection of 
antibodies from repertoires, the first requirement is to 
be able to prepare a diverse, representative library of 
the antibody repertoire of an animal and display this 
repertoire on the surface of bacteriophage fd. 

Cytoplasmic RNA was isolated according to example 14 
from the pooled spleens of five male Balb/c mice boosted 
8 weeks after primary immunisation with 2 -phenyl -5- 
oxazolone (ph OX) coupled to chicken serum albumin. cDNA 
preparation and PCR assembly of the mouse VH and VL kappa 
repertoires for phage display was as described in example 
14. The molecules thus obtained were ligated into 
fdCAT2. 

Vector fdCAT2 was extensively digested with Notl and 
ApaLl . , purified by electroelution (Sambrook et al.a989 
50 supra) and 1 pg ligated to 0.5 pg (5 pg for the 
hierarchial libraries: see example 22) of the assembled 
scFv genes in 1 ml with 8000 units T4 DNA ligase (New 
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Enoland Biolabs). The ligation was carried out overnight 
a? 9 i?C. PuSfied ligation mix was electroporated xn s ix 
SlquotBVJnto MC1061 cells (W J. 

C W Ragsdale Nucleic Acids Res. 16 6127-6145 1988) ana 
5 elated oi? NZY medium (Sambrook et al. 1989 supra) with 
KSSl tetracycline, in 243x243 mm dishes (Nunc): 90-95% 
of clones: contained scFv genes by PCR screening. 
RecomSSnt colonies were screened by PCR (conditions as 
Vn^xamlle 7 using primers VH1BACK and MJK1F0NX 

10 &cJ5£* MJK4F0NX and MJK5F0NX (see example 14) followed 
bv diaestion with the frequent cutting enzyme BstNl (New 
SoSST fi1£l£bs, used according to the manufacturers 
SltSctions). The library of 2x1q5 clones appeared 
diverse as -judged by the variety of digestion patterns 

15 seel in Figured, and sequencing revealed the Presence 
of most VH groups (R- Dildrop, l^nunol. 
1984) and VK subgroups (Rabat. E.A. et al. 1987 supra) 
(data not shown). None of the 568 clones tested bound to 
nhox as detected by ELISA as in example 9. ^ _ 

20 " Thus the ability to select anticoay P ro Y* a «" "*? 
use of phage antibodies (as in example 21) is essential 
to readilv isolate antibodies with antigen binding 
activity from randomly combined VH and VL domains. Very 
extensive screening would be required to isolate antigen- 

25 binding fragments if the random combinatorial approach of 
Huse et al. 1989 (supra) were used. 

jjfggfe^ Antibodies Specific for 2-phenvl-5-oxazolone 
f-rnm a Rep ertoire Derived fro m an immunised Mouse 
30 The library prepared in exampl e 20 was used to 

demonstrate that ability of the phage system to select 
antibodies on the basis of their antibody specificity. 

None of the 568 clones tested from the unselected 
library bound to phOx as detected by ELISA. 
35 screening for binding of the phage to hapten was 

carried out by ELISA: 96-well plates were coated with 10 
pg/S phOx-BSA or 10 ug/ml BSA in phosphate-buffered 
saline ■ ( PBS ) overnight at room temper a^re. Colonies of 
phage-transduced bacteria were inoculated into 200 ul 2 x 
TY with 12.5 ug/ml tetracycline in 96-well plates ( cell 
wells^. NucloS) and grown with shaking (300 rpm) for 24 
hours at 37-C. At this stage cultures were saturated and 
p££e titres were reproducible <10«> TU/ml). 50 ul phage 
l^^^r.. mixed with 50 ul PBS containing 4% skimmed 
milk" powder , was then added to the coated pxares. 
Further details as in example 9. 

The library of phages was passed down a pnox 
affinity column (Table 4A), and eluted with hapten. 
Colonies from the library prepared in example 22 .were 
50 scraped into 50ml 2 x TY medW 7 and shaken at 37 C for 
30 min. : Liberated phage were precipitated twice with 
polyetifylene glycol and resuspended to 10 TU 
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(transducing units) /ml in water (titred as in example 8). 
For affinity selection, a 1 ml column of phOx-BSA- 
Sepharose (0. Makela, M. Kaartinen, J.L.T. Pelonen and K. 
Karjalainen J. Exp. Med. 148 1644-1660, 1978) was washed 
5 with 300 ml phosphate-buffered saline (PBS), and 20 ml 
PBS containing 2% skimmed milk powder (MPBS). 10 12 TU 
phage were loaded in 10 ml MPBS, washed with 10 ml MPBS 
and finally 200 ml PBS. The bound phage were eluted with 
5 ml 1 mM 4-€-amino-caproic acid methylene 2-phenyl- 
10 oxazol-5-one (phOx-CAP; O. Makela et al. 1978, supra). 
About 10 6 TU eluted phage were amplified by infecting 1 
ml log phase E.coli TGI and plating as above. For a 
further round of selection, colonies were scraped into 10 
ml 2 x TY medium and then processed as above. Of the 
15 eluted clones, 13% were found to bind to phOx after the 
first round selection, and ranged from poor to strong 
binding in ELISA. 

To sequence clones, template DNA was prepared from 
the supernatants of 10 ml cultures grown for 24 hours, 
20 and sequenced using the dideoxy method and a Sequenase 
kit (USB), with primer LINKFOR (see example 14) for the 
VH genes and primer fdSEQl (5 f -6AA TTT TCT GTA TGA GG) 
for the Vk genes. Twenty- three of these hapten-binding 
clones were sequenced and eight different VH genes (A to 
25 H) were found in a variety of pairings with seven 
different Vk genes (a to g) (Fig. 24). Most of the 
domains, such as VH-B and Vk-d were 'promiscuous', able 
to bind hapten with any of several partners. 

The sequences of the V-genes were related to those 
30 seen in the secondary response to phOx, but with 
differences (Fig. 24). Thus phOx hybridomas from the 
secondary response employ somatically mutated derivatives 
of three types of Vk genes - Vkoxl. f Vkox-like' and 
Vk45.1 genes (C. Berek, G. M. Griffiths & C. Milstein 
35 Nature 316 412-418 (1985). These can pair with VH genes 
from several groups, from Vkoxl more commonly pairs with 
the VHoxl gene (VH group 2. R.Dildrop uupra). Vkoxl 
genes are always, and Vkox-like genes often, found in 
association with heavy chains (including VHoxl) and 
40 contain a short five residue CDR3, with the sequence 
motif Asp-X-Gly-X-X in which the central glycine is 
needed to create a cavity for phOx. In the random 
combinatorial library however, nearly all of the VH genes 
belonged to group 1, and most of the Vk genes were ox- 
45 like and associated with VH domains with a five residue 
CDR3, motif Asp/Asn-X-Gly-X-X (Fig. 24). Vkoxl and VHoxl 
were found only once (Vk-f and VH-E), and not in 
combination with each other. Indeed Vk-f lacks the Trp91 
involved in phOx binding and was paired with a VH (VH-C) 
50 with a six residue CDR3. 

A matrix combination of VH and VK genes was 
identified in phOx-binding clones selected from this 



PCT/GB91/01134 



WO 92/01047 



76 



random combinational ^rary Jha ^ of cgj-fg- 
S?h°each combination are ^ shown £ g f f:^, appea red to 
to phOx-BSA, as oudged by the w. bin ding was seen 

vary (marked by shading m Fig. 25). 
5 to BSA alone. election of the original, random 

A second round of seiecxian u resu ited in 93% of 
combinational library from ^™™£% TeSU £ s t of these 
eluted clones binding phOx (Tab! e ^ strongly t o phOx 
clones were Vk-d combinati ons a na ders were se en. 

10 in ELISA (data not ^ atography had not only 

This suggested^ that aftiru^r best> 
enriched for binders, 1 to determined the Kd of 
Florescence quench ; io"8 M (example 23), 

VH-B/Vk-d for phOx-GABA as xu representative 
15 indicating that antibodies with af pities rp^ secondary 
15 or the secondary ^f^e^SSacterised) secrete 
response, only two (° ut °!,^f^ h Si VH-B/Vk-d (C. Berek 
Stibodies of a higher a"** 1 * f I^B/Vk-b for phOx-GABA 
et al. 1985 supra) . ^ ™ ( of^ ^ ™us__phage 

20 beari^^^ 

nuig^^ can be 

25 isola^f"^^ 

will often be desired to ■ ]£ r use in therapeutic 

soluble form for further study ^ for ^ demonst rates 
and diagnostic i^Jg^ ofSf^le scFv fragments 
determination of the aff ^* ° Examp i e 27 demonstrates 
selected using Phage antibo^es^ ex P ^ ±es t thoS e 

that soluble f K ra ^V 0 r Snv Purposes it will be desired 
displayed on phage. For "^^^tibody molecule which 
£ construct and express an a ^° c y nainf ^d perhaps 
contains, the Fc Portions of the he ^ a lish this it 
vary the; immunoglobulin isotype. binding sites 

Is necessary *° ^^seSctioS system into a vector 
identified using the phage flection sy method ology 
for expression in nia^ian R> l t al . (1989, 

similar to that ^scribed I by ^^Vl genes could be 
40 supra). For mstan ce the _ vh an containing 
amplified separately *y JCR ^\J eTi:ed into vectors 

45 as part ot a "« av * TJ e VL domain attachea to ^« 

50 f"*^, „, T.M.l.rr — Y ^ecif icities^y__the 
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Further antibody specificities were derived from the 
library prepared and screened in examples 20 and 21 using 
a hierarchical approach* 

The promiscuity of the VH-B and Vk-d domains 
5 prompted the applicants to force further pairings, by 
assembling these genes with the entire repertoires if 
either Vk or VH genes from the same immunised mice. The 
resulting 'hierarchical' libraries, (VH-B x Vk-rep and 
VH-rep x Vk-d), each with 4xl0 7 members, were subjected 

10 to a round of selection and hapten-binding clones 
isolated (Table 4). As shown by ELISA, most were strong 
binders. By sequencing twenty- four clones from each 
library, the applicants identified fourteen new partners 
for VH-B and thirteen for Vk-d (Fig. 24). Apart from VH- 

15 B and Vk-c, none of the previous partners (or indeed 
other clones) from the random combinatorial library was 
isolated again. Again the Vk genes were mainly ox-like 
and the VH genes mainly group 1 (as defined in Dildrop, 
R. 1984 supra), but the only examples of Vkoxl (Vk-h, -p, 

20 -q and -r) have Trp91, and the VH-CDR3 motif Asp-X-Gly-X- 
X now predominates. Thus some features of the phOx 
. hybridomas seemed to emerge more strongly in the 
hierarchial library. The new partners differed from each 
other mainly by small alterations in the CDRs, indicating 

25 that much of the subtle diversity had remained untapped 
by the random combinatorial approach. More generally it 
has been shown that a spectrum of related antibodies can 
be made by keeping one of the partners fixed and varying 
the other, and this could prove invaluable for fine 

30 tuning of antibody affinity and specificity. 

Therefore, again, phage antibodies allow a greater 
range of antibody molecules to be analysed for desired 
properties. 

This example, and example 21 , demonstrate the 
35 ^isolation of individual antibody specificities through 
display on the surface of phage. However, for some 
purposes it may be more desirable to have a mixture of 
antibodies, equivalent to a polyclonal antiserum (for 
instance, for immunoprecipitation ) . To prepare a mixture 
40 of antibodies, one could mix clones and express soluble 
antibodies or antibody fragments or alternatively select 
clones from a library to give a highly enriched pool of 
genes encoding antibodies or antibody fragments directed 
against a ligand of interest and express antibodies from 
45 these clones. 
Example 23 

Selection of Antibodies Displayed on Bacteriophage with 
Different Affinities for 2-phenyl-5-oxazolone using 
Affinity Chromatography 
50 The ELISA data shown in example 21 suggested that 

affinity chromatography had not only enriched for 
binders, but also for the best. To confirm this, the 
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GABA Co. Makela et al, 1978 supra). Excitation was at 
280 run, emission was monitored at 340 run and the 
calculated. The K d of the low affinity clone VH-B/Vk-b 
was determined as 1.8+ 0.3 x 10- 5 M (not shown). To 
5 minimise light adsorption by the higher concentrations of 
phOx-GABA required, excitation was at 260 nm and emission 
was monitored at 304 nm. In addition the fluorescence 
values were divided by those from a parallel titration of 
the lysozyme binding Fv fragment D1.3. The value was 

10 calculated as in H. N. Eisen Meth.Med.Res. 10 115-121 
1964. A mixture of clones VH-B/Vk-b and VH-B/Vk-d, 
7xl0 10 TU phage in the ratio 20 VH-B/Vk-b : 1 VH-B/Vk-d 
were loaded onto a phOx-BSA-Sepharose column in 10 ml 
MPBS and eluted as above. Eluted phage were used to 

15 reinfect E.coli TGI, and phage produced and harvested as 
before. Approximately 10 11 TU phage were loaded onto a 
second affinity column and the process repeated to give a 
total of three column passes. Dilutions of eluted phage 
at each stage were plated in duplicate and probed 

20 separately with oligonucleotides specific for Vk-b ( 5 1 GAG 
CGG GTA ACC ACT GTA CT) or Vk-d ( 5 1 -GAA TGG TAT AGT ACT 
ACC CT). After these two rounds, essentially all the 
eluted phage were VH-B/Vk-d (table 4). Therefore phage 
antibodies can be selected on the basis of the antigen 

25 affinity of the antibody displayed. 
Example 24 

Construction of Phagemid pHENl for the Expression of 
Antibody Fragments Expressed on the Surface of 
Bacteriophage following Superinfection 

30 The phagemid pHENl (figure 26) is a derivative of 

pUC119 (Vieira, J. & Messing, J. Methods Enzymol 153 pp 
3-11, 1987). The coding region of g3p from fdCAT2, 
including signal peptide and cloning sites, was amplified 
by PCR, using primers G3FUF0 and G3FUBA (given below) 

35 (which contain EcoRI and Hindlll sites respectively), and 
cloned as a Hindlll-EcoRI fragment into pUC119. The 
Hindlll-NotI fragment encoding the g3p signal sequence 
was the replaced by a pelB signal peptide (Better, M. et 
al. Science 240 1041-1043, 1988) with an internal Sfil 

40 site, allowing antibody genes to be cloned as fil-Notl 
fragments. A peptide tag, c-myc, (Munro, S. & Pelham, H. 
Cell 46 291-300, 1986) was introduced directly after the 
Not I site by cloning an oligonucleotide cassette, and 
followed by an amber codon introduced by site-directed 

45 mutagenesis using an in vitro mutagenesis kit (Amersham 
International ) ( figure 26b ) . 

G3FUF0,5 f -CAG TGA ATT CT T ATT AAG ACT CCT TAT TAC GCA GTA 
TGT TAG C; 

50 G3FUBA, 5 1 -TGC G AA GCT T TG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G; 
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ATT GAG CTC ACC CAG TCT CCA; 

VK3F2N0T,5'-TTC T GC GGC CGC CCG TTT CAG CTC GAG CTT GGT 
CCC. 

Restriction sites are underlined. 
5 Rescue of Phage and Phagemid particles 

Constructs I -IV (figure 27) were introduced into both fd- 
CAT2 and pHENl . Phage fd-CAT2 (and fd-CAT2-I, II, III or 
IV) was taken from the supernatant of infected E.coli TGI 
after shaking at 37 °C overnight in 2xTY medium with 

10 12.5ng/ml tetracycline, and used directly in ELISA. 
Phagemid pHENl (and pHENl-I and II) in E.coli TGI (supE) 
were grown overnight in 2 ml 2xTY medium, 100 pg/ml 
ampicillin, and 1% glucose (without glucose, expression 
of g3p prevents later superinfection by helper phage ) .. 

15 lOpl of the overnight culture was used to innoculate 2 ml 
of 2xTY medium, lOOpg/ml ampicillin, 1% glucose, and 
shaken at 37 °C for 1 hour. The cells were washed and 
resuspended in 2xTY, 100 pg/ml ampicillin, and aphagemid 
particles rescued by adding 2 pi (10 8 pfu) VCSM13 helper 

20 phage (Stratagene) . - After growth for one hour, 4^1 
kanamycin (25 mg/ml) was added, and the culture grown 
overnight. The phagemid particles were concentrated 10- 
fold for ELISA by precipitation with polyethylene glycol. 
ELISA 

25 Detection of phage binding to 2-phenyl-5-oxazolone (phOx) 
was performed as in example 9. 96-well plates were 
coated with 10 pg/ml phOx-BSA or 10 jig/ml BSA in PBS 
overnight at room temperature, and blocked with PBSS 
containing 2% skimmed milk powder. Phage (mid) 

30 supernatant (50 jil) mixed with 50 ]il PBS containing 4% 
skimmed milk powder was added to the wells and assayed. 
To detect binding of soluble scFv or Fab fragments 
secreted from pHENl, the c-myc peptide tag described by 
Munro and Pelham 1986 supra, was detected using the anti- 

35 myc monoclonal 9E10 (Evan, G. I. et al. Mol Cell Biol 5 
3610-3616, 1985) followed by detection with peroxidase- 
conjugated goat anti-mouse iramonoglobulin. Other details 
are as in example 9. 

The constructs in fdCAT2 and pHENl display antibody 

40 fragments of the surface of filamentous phage. The phage 
vector, fd-CAT2 (figure 8) is based on the vector fd-tet 
(Zacher, A. N. et al. Gene 9 127-140, 1980) and has 
restriction sites (ApaLI and NotI) for cloning antibody 
genes (or other protein) genes for expression as fusions 

45 to the N- terminus of the phage coat protein g3p. 
Transcription of the antibody-g3p fusions in fd-CAT2 is 
driven from the gene III promoter and the fusion protein 
targetted to the periplasm by means of the g3p leader. 
Fab abd scFv fragments of NQ10.12.5 cloned into fd-CAT2 

50 for display were shown to bind to phOx-BSA (but not BSA) 
by ELISA (table 5). Phage were considered to be binding 
if A 405 of the scrapie was at least 10-fold greater that 
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expressing partner chains as fusions to g3p (10 9 TU fd- 
CAT2-IV or III respectively) and 2 \il tetracycline (12.5 
mg/ml) in place of kanamycin. 

Separate Vectors to Encode Fab Heavy and Light 
5 Chains 

The heavy and light chains of Fab fragments can be 
encoded together in the same vector (example 25) or in 
different vectors. To demonstrate this the heavy chain 
(construct III) was cloned into pHENl (to provide soluble 

10 fragments) and the light chain (construct IV) into fd- 
CAT2 (to make the fusion with g3p). The phagemid pHENl- 
III, grown in E.coli HB2151 (non-supressor ) was rescued 
with fd-CAT2-IV phage, and phage(mid) shown to bind to 
ph0x:BSA, but not to BSA (Table 5). This demonstrates 

15 that soluble light chain is correctly associating with 
the heavy chain anchored to the g3p, since neither heavy 
chain nor light chain alone bind antigen (Table 5). 

Similar results were obtained in the reverse 
experiment (with phagemid pHEN-l-IV and fd-CAT2-lll 

20 phage) in which the heavy chain was produced as a soluble 
molecule and the light chain anchored to g3p (Table 5). 
Hence a Fab fragment is assembled on the surface of phage 
by fusion of either heavy or light chain to g3p, provided 
the other chain is secreted using the same or another 

25 vector (figure 28). 

The resulting phage population is a mixture of phage 
abd rescued phagemid. The ratio of the two types of 
particle was assessed by infecting log phase E.coli TGI 
and plating on TYE plates with either 15 pg/ml 

30 tetracycline (to select for fd-CAT2) or 100 pg/ml 
ampicillin (to select for pHENl). The titre of fd-CAT2 
phage was 5 x 10 11 TU/ml and the titre of pHENl 2 x 10 10 
TU/ml, indicating a packaging ratio of 25 phage per 
phagemid. 

35 Demonstrated here is an alternative strategy 

involving display of the heterodimeric antibody Fab 
fragments on the surface of phage. One of the chains is 
fused to g3p and the other is secreted in soluble form 
into the periplasmic space of the E.coli where it 

40 associates non-covalently with the g3p fusion, and binds 
specifically to antigen. Either the light or heavy chain 
can be fused to the g3p: they are displayed on the phage 
as Fab fragments and bind antigen (Figure 28). Described 
are both phage and phagemid vectors for surface display. 

45 Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly 
in view of their higher transfection efficiencies (Two to 
three orders of magnitude higher), allowing larger 
libraries to be constructed. The phagemid vector, pHENl 

50 also allows the expression of soluble Fab fragments in 
non- suppressor E.coli. 

Also demonstrated here is that heavy and light 
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only by the number of bacteria (10 12 per litre). More 
simply, the use of two vectors should also facilitate the 
construction of 'hierarchical' libraries, in which a 
fixed heavy or light chain is paired with a library or 
5 partners (example 22), offering a means of 'fine-tuning 1 
antibody affinity and specificity. 
Example 27 

Induction of Soluble scFv and Fab Fragments using 
Phagemid pHENl 

10 Further study of antibodies which have been 

expressed on the surface of phage would be greatly 
facilitated if it is simple to switch to expression in 
solution* 

E.coli HB2151 was infected with pHEN phagemid 
15 (pHENl-I or II), and plated on YTE, lOO^g/ml ampicillin 
plates. Colonies were shaken at 37 °C in 2xTY medium, 100 
pg/ml ampicillin, 1% glucose to OD 550 «0.5 to 1.0. Cells 
were pelleted, washed once in 2xTY medium, resuspended in 
medium with 100 jig/ml ampicillin, 1 mM isopropyl p-D- 

20 thiogalactoside (IPTG), and grown for a further 16 hours. 
Cells were pelleted and the supernatant, containing the 
secreted chains, used directly in ELISA. 

The phagemid pHENl has the advantage over phage fd- 
CAT2, in that antibody can be produced either for phage 

25 display (by growth in supE strains of E.coli) or as a 
tagged soluble fragment (by growth in non- suppressor 
strains), as a peptide tag (example 24) and amber codon 
were introduced between the antibody and g3p. Secretion 
of soluble Fab fragments from pHENl-II or scFv fragments 
-30 from pHENl-I was demonstrated after growth in E.coli 
HB2151 and induction with IPTG using Western blots 
(Figure 29). For detection of secreted proteins, lOpl 
supernatant of induced cultures were subjected to SDS- 
PAGE and proteins transferred by electroblotting to 

35 Immobilon-P (Millipore). Soluble heavy and light chain 
were detected with goat polyclonal anti-human Fab 
antiserum (Sigma) and peroxidase conjugated rabbit anti- 
goat immunoglobulin (Sigma), each at a dilution of 
1:1000. The tagged VK domain was detected with 9E10 

40 antibody (1:1000) and peroxidase conjugated goat anti- 
mouse immunoglobulin (Fc specific) (1:1000) (Sigma) or 
with a peroxidase labelled anti -human CK antiserum 
( Dako ) . 3,3' -diaminobenzidine ( DAB ; Sigma ) was used as 
peroxidase substrate (Harlow E., et al. 1988 Supr). With 

45 the scFv, the fragments were detected using the 9E10 
anti-myc tag antibody (data not shown). With the Fab, 
only the light chain was detected by 9E10 (or anti-human 
CK) antibody, as expected, while the anti-human Fab 
antiserum detected both heavy ami light chains. Binding 

50 of the soluble scFv and Fab fragments to phOx-BSA (but 
not to BSA) was also demonstrated by ELISA (Table 5B). 
Thus scFv and Fab fragments can be displayed on phage or 
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Direct Rescue and Expression of Mouse Monoclonal 
Antibodies as Single Chain Fv Fragments on the Surface of 
Bacteriophage fd. 

The principle is very similar to that described in 
5 example 14. It consists of the PCR assembly of single 
chain antibodies from cDNA prepared from mouse 
monoclonals. As an example , the rescue and expression of 
two such antibodies from monoclonals expressing 
antibodies against the steroid hormone oestriol is 
10 described. 

A. RNA Preparation 

RNA can be prepared using many procedures well known 
to those skilled in the art. In this example, the use of 
Triton X-100 lysis, phenol/SDS RNase inactivation gave 
15 excellent results. 

1. The mouse monoclonal cells that were used here had 
been harvested by centrifugation and resuspended in serum 
free medium. They were then centrifuged and resuspended 
in saline and after a final centrifugation step, 

20 resuspended in sterile water at 1 x 10 7 cells per ml. 
(Normally cells would be washed in PBS buffer and finally 
resuspended in PBS buffer, but these particular cells 
were supplied to us as described frozen in water.). 

2. To 750|il of cells was added 250ul of ice cold 4X 
25 lysis buffer (40mM Tris HC1 pH 7.4/4mM MgCl 2 /600mM 

NaCl/40mM VRC (Veronyl ribosyl complex )/2% Triton X-100). 
The suspension was mixed well and left on ice for 5 
minutes • 

3. Centrifugation was carried out at 4 °C in a microfuge 
30 at 13000 rpm for 5 min. 

The supernatant is then phenol extracted three times, 
phenol chloroform extracted three times and finally, 
ethanol precipitated as described in the materials and 
methods. The precipitate was resuspended in 50ul water. 
35 4. The optical density of the RNA at 260nm with a 2.5ul 
sample in 1ml water was measured. The RNA was checked by 
electrophoresis of a 2ug sample on a 1% agarose gel. RNA 
in the range of 32ug to 42ug was obtained by this method. 

B. cDNA Preparation 

40 The method used is the same as that described in 

example 14. Two cDNA preparations were made. These were 
from RNA extracted from the monoclonals known as cell 
lines 013 and 014 which both express antibodies against 
eh steroid hormone, oestriol. 

45 C. Primary PCRs 

The method used is essentially the same as that 
described in example 14. The VH region was amplified 
with the primers VH1BACK and VH1F0R-2. For the Vkappa 
region, four separate reactions were carried out using 

50 the primer VK2BACK and wither MJK1F0NX, MJK2F0NX, 
MJK4F0NX or MJK5F0NX. Samples (5ul) were checked on a 
1.5% agarose gel. From this it was observed that for 
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with the fdCAT2 recombinant DNA as described by Sainbrook 
et al, 1989 Supra. The cells were plated out on LBtet 
plates (lOg tryptone, 5g yeast extract, lOg NaCl, 15g 
bacto-agar per litre with 15ug/ul of tetracycline added 
5 just before pouring the plates) and grown overnight . 

Single well isolated colonies were then inoculated 
into 10 ml of LBtet broth (LB medium with 15ug/ul of 
tetracycline) in 50 ml tubes. After overnight growth at 
35°C/350rpm in a bench top centrifuge. The supernatants 

10 were transferred to 15 ml centrifuge tubes and 2ml 20% 
PEG 8000/2. 5M NaCl added to each* After incubating at 
room temperature for 20-30 minutes, the recombinant phage 
was pelleted by centrifugation at 9000rpm in a Sorval 
SM24 rotor for 30 minutes. The PEG supernatant was 

15 discarded. Any remaining PEG was removed with a pasteur 
pepette after a brief (2 minutes) centrifugation step. 
This last step was repeated to make sure that no PEG 
remained. The phage pellet was then resuspended in 500ul 
PBS buffer. -This, was transferred to a microcentrifuge 

20 tube and spun at 13000 rpm to remove any remaining cells. 
The phage supernatant was transferred to a fresh tube. 
I. Assay for antibody expression 

Bacteriophage fd recombinants were screened for the 
expression of antibody against oestriol by ELISA. This 

25 method is described in example 6. In this case the 
following alterations are relevant. 

1. Microtitre plates were coated overnight with 40ug/ml 
oestriol-6 carboxymethyloxime-BSA (Steraloids, 31 
Radcliffe Road, Croydon, CRO 5QJ, England). 
30 2. 1st antibody was the putative phage anti oestriol 
antibody. 50ul of phage in a final volume of 200ul of 
sterile PBS combining 0.25% gelatin was added to each 
well. 

3. 2nd antibody was sheep anti M13 at 1:1000 dilution. 
35 4. 3rd antibody was peroxidase conjugated rabbit anti 

goat immunoglobulin. 

Recombinants expressing functional antibody were 

detected by incubation with the chromogenic substrate 

2' 2' axinobis (3-ethyl benzthiazoline sulphonic acid). 
40 The results are shown in figures 32 and 33. 

Example 30 

Kinetic Properties of Alkaline Phosphatase Displayed on 
the Surface of Bacteriophage fd 

This example demonstrates that kinetic properties of 

45 an enzyme expressed on phage are qualitatively similar to 
those in solution. Bacteriophage fd displaying alkaline 
phosphatase fusions of gene 3 with either the native 
arginine (see example 31) or the mutant residue alanine 
at position 166 (see example 11) were prepared by PEG 

50 precipitation as described in the materials and methods. 

The kinetic parameters of alkaline phosphatase 
expressed on the surface of fd phage were investigated in 
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* 7tt,-i «wft o at 20 °C with 1ml 4-nitrophenyl 

spectrophotometer and the initial reaction 

accelerating until a steady ^ate was state „„. was 
KTS?lL£5^&r"of Snetic Parameters, No 

^ Se!au£ 5? 3TS A££ ~ it^sttblfsntng the 
relationship bitUen the number of phage particles an the 

20 r££iV%lu^e^^"W^ ' "™ 

Sots ^carried out as in example 31 usxng antig3p 
""lerui)^£ S» phage enzyme preparations used in this 

25 irek^siss^^^ 1 sssrss 

25 -e^prrpM^e^ 1 ^ Huston 

represents approSmatJS P 30% of the detected material. 
The two" preparations were therefore assumed to be 
expressinl approximately the same concentrations of 

intaC ?aMe i T'su,nmarises the kinetic data from this 
iith soluble preparation!^ the wild type and mutant 

m01 ^he^ffect* of mutating arginine at position 166 to 
alanine il qualitatively similar for the phage enzyine as 
? o rS soluble enzyme. ^ is ^ased ^ou t^5 fold 
and the relative k cat is ^creased to 36%^ of that far 
wild tvoe. This increased wouj.o twx=^ » 2 r7««"«* 

Ssfe ^^prop-os^ ■ss- snsisr^L 

Sidaroalou et ll, 1988 supra), assuming the same 
kSSttflmKb^.. applies. There are. however some 

SSLE^Ei a ^or-llfTuMTor the free enzyme; the K„ 
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for fdphoAlal66 is 1070pM whereas the free mutant enzyme 
has a Kjjj of 1620^M, One can speculate that the higher Kjn 
for f dphoArg 166 and the lower K m for f dphoAlal 6 6 , 
compared to the soluble enzymes result from the 
5 'anchored 1 alkaline phosphatase fusion molecules 
interacting to form dimers in a different manner to the 
enzyme in free solution. 

The relative values of k cat for the Argl66 and 
Alal66 forms are however very similar for both the phage 

10 enzymes and the soluble enzymes, a reduction occurring on 
mutation to 35 to 40% of the value for the native enzyme. 
The rate limiting step, determining k cat , for soluble 
phoArgl66 is thought to be dissociation of non-covalently 
bound phosphate from the enzyme (Hull W.E. et al. 

15 Biochemistry 15, 1547-1561 1976). Chaidaroglou et al 
(1988) supra suggest that, for the soluble enzyme, 
mutation of Argl66 to alanine alters additional steps, 
one of which may be hydrolysis of the phosphoenzyme 
intermediate. The similarity in the reduction in k cat on 

20 mutation of Argl66 to alanine for the phage enzymes 
suggests that the same steps may be altered in a 
quantitatively similar manner in the mutant phage enzyme 
as in the mutant soluble enzyme. 

Thus, enzymes displayed on phage show qualitatively 

25 similar characteristics to soluble enzymes. 
Example 31 

Demonstration using Ultrafiltration that Cloned Alkaline 
Phosphatase Behaves as Part of the Virus Particle 

The construct fdphoAlal66 (derived in example 11) 
30 was converted back to the wild type residue (arginine) at 
position 166 by in vitro mutagenesis (Amersham 
International) using the printer 
APARG166:5' TAGCATTTGCGCGAGGTCACA 3 f . 

This construct with the wild type insert was called 

35 fdphoArgl66. 

E . coli TGI or KS272 cells (cells with a deletion in the 
endogenous phoA gene, Strauch and Beckwith, 1988 Supra) 
containing either fd-phoAlal 66, fdphoArgl66 or fd-CAT2 
were grown for 16 hours at 37 °C in 2xTY with 15jjg/ml 

40 tetracycline. Concentrated phage were prepared as 
follows. Phage-enzyme cultures are clarified by 
centrifugation (15 min at 10,000 rpm, 8 x 50 ml rotor, 
sorval RC-5B centrifuge). Phage are precipitated by 
adding 1/5 volume 20% polyethylene glycol, 2.5 M Nacl, 

45 leaving for 1 hr at 4°C, and centrifuging (as above). 
Phage pellets are resuspended in 10 mM Tris-HCl, pH 8.0 
to l/100th of the original volume, and residual bacteria 
and aggregated phage removed by centrifugation for 10 to 
15 minutes in a bench microcentrifuge at 13000 rpm at 

50 4°C. 

SDS/Polyacrylamide gel electrophoresis and western 
blotting were basically as described previously (example 
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2). Denatured samples consist £jg 5 a ^0% 
concentrate of phage were separ polyc ional 
SDS/polyacrylamide gel and detect: alkaline 
antiserum raised against e "Seals South Nelson 
5 phosphatase XMbrthu-br^xolgg^ ^ gHL) 

Industrial Estate, Cra^"£?EdBMO0d«l 3 (fr0 m 

or against the minor coat ff^^S^SSS, see Stengele et 
Prof! I. Rasched, Universitat K ton stanz^ followe d by 
S 1990) at 1 in 1000 d ™J S goat-anti-rabbit 
10 Scubation with . P ero f find detection with the 

immunoglobulin (Sigma 1 in JjJ*^ international). 

Weltern "^^^S^'^SSSL was confirmed by 
The presence of fuswj n p par ticles derived 

ife^wftto^^"?**^^^) or fd-CAT2 (vector 
15 from fd-phoAlal66 /P h ^° raised against the gene 

phage) . Detection with a***^ * f app arent relative 
3 protein reveals a ■ ^ 000 i* T vector phage (figure 
molecular mass (Mr) -.of 63 fro m the predicted 

-,a~\ alf.houah this is ai«erenc_^ seauence 
Secular weight based l or i ™ ^previously 
(42,000), ^^^Solt reduced mobility durxng 

SSU5SS2 (S?enU ^°Uest band has an 

l/the fd-phoAlal66 sample the xarg acC ount 

apparent Mr of 115,000, ^'^'3 portion of the 
tne aberrant mobility of the gene p ected from 

fusion, this is SgSS^SSaphSU domain of 47 ». 
fusing with an alkaline phospni « a ±on of the Gene3 
This analysis also reveals that preparation is 

reactive material in this native gene3 product, 

present at the size of tje nat ^- J" In the 

Suggesting that approximately 5-10% of 

preparation sho^m in figure PP in mo * 

the gene 3 f " s *.° ns , -f the preparations used m this 
H55f3? eSmpit 3^ a^olimltely 30-60% of fusions 

observed in Western blots of P^/^raised against 
TGI cells when Probed with } confir ming the 

E.coli alkaline P h^phatase (anti B^ p^ner, when 

iisiiSment of this ban Vn C *™ KS272 cells, which have a 
^^*SS^^S.S%*«- nation of the 
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fusion product. _ lso re acts wit material 

The anti-BAP antiserum also reac le of ^ 

running with the dye 5** B a g ft ^Sl B material is not 
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precipitated vector phage samples (figure 34c) and is not 
therefore contributed by protein expressed from the 
cloned phoA gene. These bands are detected in culture 
supernatants of cells carrying fd-CAT2 but is not 
5 detected in the supernatant of uninfected cells (not 
shown) and so either represents cross-reactivity with 
phage encoded material or with a PEG precipitable 
cellular component leaked from infected cells (Boeke et 
al, Mol. Gen. Genet. 186 , 185-192 1982). Although the 

10 fragment of Mr, 45,000 is close to the size of free 
alkaline phosphatase (47,000), it is present in phage 
preparations from KS272 cells which have a deletion in 
the phoA locus. Furthermore its mobility is different 
from purified alkaline phosphatase and they can be 

15 distinguished by electrophoresis (figure 34d). 

Ultrafiltration was used to confirm that the fusion 
protein behaved as though it were part of a larger 
structure, as would be expected for an enzyme bound to a 
phage particle. Phage samples (100^1 of a 50 fold 

20 concentrate) were passed through ultrafiltration filters 
with a nominal molecular weight limit of 300000 daltons 
(Ultrafree-MC filters, Millipore) by centrifugation for 5 
to 15 minutes at 13,000 r.p.m. in an MSE microcentaur 
microfuge. Retained material was recovered by 

25 resuspending in 100ul of lOmM Tris, pH 8.0. 

Phage-enzyme or free alkaline phosphatase (83ng) 
mixed with vector phage were passed through filters with 
a nominal molecular weight limit of 300,000 daltons 
(Ultrafree-MC filters, Millipore). Figure 35 A again 

30 shows that the band of Mr, 115,000 is the major product 
reactive with anti-BAP antiserum. This and the other 
minor products reactive with anti-BAP are present in 
material retained by the ultrafiltration membrane. 
Analysis of retained and flow through fractions of phage 

35 preparations derived from KS272 demonstrates that 
different molecular species are being separated by the 
ultrafiltration membranes. Figure 35b shows the protein 
of Mr 115,000 is retained by the filter whereas the 
putative degradation products of Mr 95,000 and 60,000 
40 found in phage preparations derived from KS272 cells, are 
not retained. 

In mixture of alkaline phosphatase and vector phage 
Figure 35c-f, free alkaline phosphatase (dimer size of 
94,000 daltons) is detected in the flow through as a 

45 monomer band with Mr 47,000 on denaturing polyacrulamide 
gels (figure 35B), while the cross reactive molecule 
found in vector phage preparations (Mr 45,000) is in 
retained on the filter (figure 35B). This suggests that 
the cross reactive molecule is pert of the phage particle 

50 and underlines the fact that the ultrafiltration 
membranes are effecting a separation. Thus the expected 
fusion band in this phage-enzyme is present in material 
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ohaae ( f d-phoArgl66 ) has a s P e " iral particles) of 
titrate Converted ! s P e ^f e to °the ^rnoV value of 
3 700/min. This is clo f® alka line phosphatase by 
isAO/min found for P ur i fl ?f* 3 1893-1897 1964). 
SSa^d Horecker, + Biochemistry 3 1893^ ^ 

Chaidaroglou^t al, a 1988 .= e P at tne active site 
substituting alanine for ^ r |inx n ±n the rate of 

Residue 166) leads tc > a displaying alkaline 

X-vaivsis* Preparations or * * w*d from TGI and KS272 
ohoSSiak with this mutation derived fro ^ qq ^ 

So? reduced specific ■ respectively. Enzyme 

substrate —erted/mol ^^f ^ined^d flow-through 
activity was »«^u.^ "w a fiitration, snown a** — - 

IraSions V^^Jg^^^U^ ™* ™Ti rtt 
35 The bulk of activity * 3 f activity from free 

on the filters whereas :*g^£*t£ enzyme activity in 
enzyme passes through. be ejected for virally 

t-hese fusions behaved as w °^-" ittle or n o catalytic 
associated enzyme (not ^^of vector phage 'from 
acSvity is measured ^ fwjjing^ ot n that th e 

SiSer^Gl or KS272 cells ( Table 7) , 1 and 
SSlytic activities above are a ^ s ° ?h |? a l e . Addition 
S^c^ta^ationjith bacterial jhj ^ ^ ^ a 

&$3£g^*^5t!^ ^ i-nochemical 
9 Therefore, both .^"Jf^ been demonstrated 

^^s^-fi^ 5 of the pha9e par 

M ^ H yfc3trchr3ma^ a P very powerful 

properties Qf . JJEJ* The purification of 

LtLd for ^^f^oach would enable the genetic 
ntiaae-enzymes by this appiwv- isolated with tne 

SSlriaT^eticoding the enzyme to be is enzymes 

enS^e itself . Thus mU ^ ge ?rfamen?ous bacteriophage 
Sussed on the surface var iants ,_f rom 

properties COUAU ~ 

^Sub^ 

has been purified by binding to ith inorg anlc 

55*H&i« ^""'idu^and 1 inhibitor, 
phosphate, which is a produotJM> B iochem . J .151 
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soluble alkaline phosphatase from E.coli is also retained 
by this matrix (not shown). in this example it is 
demonstrated that phage displaying E.coli alkaline 
phosphatase binds to arsenate-Sepharose and can be 
5 specifically eluted. 

Arsenate-Sepharose was prepared by coupling 4-(p- 
aminophenylazo) phenyl arsonic acid to tyraminyl- 
Sepharose according to the method of Breena et al, (1975; 
supra). Affinity chromatography of phage enzyme 
10 fdphoArgl66 (example 31) was carried out in a disposable 
chromatography column with a 0.5 ml column volume. 
Columns were prewashed with 100 volumes of column buffer 
(lOOmM Tris pH 8.4, ImM MgCl 2 , 0.1 mM ZnCl 2 , 0.1% Tween 
20, Brenna et al, 1975, supra.) 1ml of a 40 fold 
15 concentrate of phage-enzyme (in column buffer; prepared 
as in example 31 ) was loaded and washed through with 100 
volumes of column buffer. Bound phage-enzyme was eluted 
with 5mls of column buffer containing 20mM NaHPO^ The 
eluate and wash fractions were quantitated by dot 
20 blotting onto nitrocellulose and comparing with known 
amounts of phage-enzyme. The blots were detected using 
sheep anti-M13 antiserum (gift from M. Hobart), anti- 
sheep peroxidase ( Sigma ) and enhanced chemiluminescent 
substrate ( Amersham ) . A range of exposures were taken . 
25 Table 8 shows the results of affinity chromatography 

of phage displaying alkaline phosphatase on arsenate- 
Sepharose. In separate experiments phage particles 
expressing either mutant (fdphoAla 166; example 11) and 
or wild type ( f dphoArg 166) forms are retained on 
30 arsenate-Sepharose and eluted with inorganic phosphate. 
Approximately 0.5 to 3% of added phage enzyme particles 
loaded ( 1 input phage 1 ) were specifically eluted with 
phosphate ('output phage 1 ) compared to only 0.05% of 
vector particles. Arsenate is a competitive inhibitor 
35 with K ± of 20jiM with respect to 4- nitrophenyl phosphate. 
Phage particles antibodies have previously been isolated 
on the basis of interactions with similar affinities 
(example 23). This association is in within the range of 
a large number of enzyme-ligand interactions suggesting 
40 wide applicability for this approach. 

Table 8 also shows that the infectivity of phage 
particles expressing enzyme is reduced with compared with 
vector phage particles. This makes titration of 
infectious particles an inappropriate means of 
45 quantitating the number of phage enzyme particles. For 
this reason the number of phage were measured by dot 
blotting and phage were detected with anti-M13 antiserum 
as above. 

Whereas, overall recovery of catalytic activity may 
50 be an important consideration in enzyme purification, 
this is not critical with phage-enzymes . Even if only 
low levels of phage-enzyme bind to and are specifically 
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yielding soluble products. 
5 gfeSl y of DNA encod in g F ab Fragments of an Antibod y 
a < agai ns t 0^°}°™ s encodi ng Fab fragments 

Example to ^^^g^dc^ and pHENl and the 
could be subcloned into Yf c *° r ; * g„ rf ac ~ Q f phage with 

10 protein domains displayed on the swfa^ of p g 

retention of binding functxon. ^f 1£ < J2^L£ ate i y and 
Se VHCH and VKCK domains J^'^SSSn of the 

then joined by a linker allowing the ^P^ 10 ^ vhch 
light chain as a genelll P^ein fusion ^ Fab 

15 fragment, as a soluble ■f 1 «« u jjv s Jy association of 

20 heavy and lxgnr cnaxw - — 

25 using P ? . h For ^ ^ ^ ^ 

oligonucleotides ^J 8 *^* t G amplify the VHCHl 

CH1F0R (example 40 ) were usee* xc > ^ * example 25 ) 
domains. For cloning xnto f^T^^^^ For cloning 
replaced VHIBACKAPA ^ f or -thx. ^gSf^S^ipllSi- using 

30 into both vectors the y^J^ffJ^e 4 0). A linker 

35 fdCAT2 b/?CR- using the oligonucleotxdes. 

^"SrScrO GGT GAG CTC AAT GTC GGA GTG AGA ATA GAA 

AGG T (overlapping with VK2BACK [example 14] ) 

and 

40 CHI -TERM-BACK ■ GTT GAG CCC AAA 

(over lappin9 

VH1BACKAPA ( when clonxng „nA for the 

(when cloning into *™J"»*£ ^Stroduling restriction 
final ■rWli«^^'^ ti, g^ J ?S3fSl) or pHENl 

50 ?|5SSr*r£K 
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linker. An assembled scFv prepared according to example 
14 is shown for comparison. 

Phage antibodies were prepared as in example 25 and 
ELISA was performed with oxazolone as antigen according 
5 to example 6. Results were as expected for Fab fragments 
cloned in both fdCAT2 and pHENl samples, phage particles 
bound to oxazolone as detected by a positive ELISA 
signal . 
Example 34 

10 Construction of a Gene III Deficient Helper Phage 

To fully realise the potential of the phagemid 
cloning system, a helper phage lacking gene III is 
desirable. Rescue of gene III fusions with such a helper 
phage would result in all the progeny phageraids having a 
15 gene III fusion on their capsid, since there would be no 
competition with the wild type molecule. 

Control over the number of fusion molecules 
contained on each phage will provide particularly useful. 
For example, a gene III deficient helper phage can be 
20 used to rescue low affinity antibodies from a naive 
repertoire, in which high avidity will be necessary to 
isolate those phage bearing the correct antibody 
specificity. The unmutated helper phage can then be used 
when higher affinity versions are constructed, thereby 
25 reducing the avidity component, and permitting selection 
purely on the basis of affinity. This will prove a 
surprisingly successful strategy for isolation and 
affinity maturation of antibodies from naive libraries. 
The strategy chosen to construct the helper phage 
30 was to partially delete gene III of M13K07 using 
exonuclease Bal 31. However, * phage lacking gene III 
protein are non-infective so an E.coli strain expressing 
gene III was constructed. Wild type M13 gene III was 
PCR-amplified with primers glllFUFO and glllFUBA, exactly 
35 as described in example 24. The PCR product was digested 
with Eco RI and Hind III and inserted into Eco RI and 
Hind III -cut pUC19 (not a phagemid as it lacks the 
filamentous phage origin of SS DNA replication) under 
control of the lac promoter. The plasmid was transformed 
40 into E.coli TGI, and the resulting strain called 
TGl/pUC19gIII. This strain provides gill protein in 
trans to the helper phage. 

There is a single unique Bam HI site in M13K07, 
which is approximately in the centre of gill. Double- 
45 stranded M13K07 DNA was prepared by alkaline lysis and 
caesium chloride centrifugation (Sambrook et al, et 
supra. 1989); twenty pg of DNA was cut with Bam HI, 
phenol extracted and ethanol precipitated then 
resuspended in 50jil of Bal 31 buffer (600mM NaCl, 20mM 
50 Tris-HCl pH 8.0, 12 mM CaCl 2 , 12mM MgCl 2 and ImM EDTA) 
and digested for 4 minutes with 1 unit of Bal 31 (New 
England BioLabs). This treatment removed approximatley 
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1Kb o f DNA. W - --*^S 9 lStS'5S ll S 

into competent TGl/pUC19glII ^ and plated °£ cin ^ 
containing ampicillin at Jf 0 ^ 7 ™ 1 the presen ce of a 

Kin % la fs ^ s ^ nr™ - »»» 

( CGGAATAGCC AAAAGAACTGG ) . immediately 

corresponding to deletions o*«- 20 °' A • 2 ^ 3 

These clones . aglj* JJfSofiS fra. the earlier 

respectively. No clones were is^ ^ gome way 

■too far. * - 0 „,a o W ore cultured and the 

M13K07 .glllA No.s 1,2 and 3 were ^£u rescue 

resulting helper phage tested for their aoi y 
an antibody gill: Eu^icm ^^^j^^ml/™ 

well; in fact the ^^^f^fs TOT? M?3K07 glllA 
than that observed S^TElS * "uch higher density 

No3 rescued phagemids sh °£* ^ * ™ UC Tha t this was 
of antibody fusions on "*2STth« phage used in 

indeed the ^ ^^r^ ltit^blotJng^^ anti 
this ELISA were analysed by Western ^dx * enables 
35 glU protein antiserum (fig. 38). ^^J^ versU s 

^JTSiSs first's- 

if ^sputa^ly >^«2^-* aS e viS a ^usi^n 
expected, even when th e_ lac P^Jer driving g ^ 
orotein synthesis is fully "OUCbo ^ ^ froffl 
type gill protein, at a "^"-^.-S ^"contrast 

cSeStion w?th °wild 0 -type gill and the fusion protein 

50 band ^'^&SS^£SrSSi construction of M13K07 
gill A no3 was immensely inefficient: one clone from 20ug 
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of starting DNA. Moreover, the yield of gill helper 
phage from overnight cultures is extremely low ca.10 6 
cfu/ml compared with ca. 10 11 cfu/ml for the parental 
phage. Despite this, M13K07 gill No3 rescues the 
5 phagemid as well as the parental phage, as judged by the 
number of phagemid particles produced after overnight 
growth. This indicates that trans replication and 
packaging functions of the helper are intact and suggest 
that its own replication is defective. Hence it may be 

10 that inactivation of gill is normally toxic to the host 
cell, and that M13K07 gIIlANo3 was isolated because of a 
compensating mutation affecting, for example, 
replication • Phage fd-tet is unusual in that it 
tolerates mutations in structural genes that are normally 

15 lethal to the host cell, since it has a replication 
defect that slows down accumulation of toxic phage 
products; M13K07 glllA No3 may also have such a defect. 

M13K07g IIlANo 3 has been deposited at the National 
Collection of Type Cultures, 61 Colindale Avenue, London, 

20 NW9 6HT, UK (Accession No. NCTC 12478). On 28 June 1991, 
in accordance with the regulations of the Budapest 
Treaty. It contains a deletion of the M13 genome from 
bases 1979 to 2768 inclusive (see Van Wezenbeek, P.G.MrF. 
et al., Gene II pl29-148, 1980 for the DNA sequence of 

25 the M13 genome). 
Example 35 

Selection of bacteriophage expressing scFv fragments 
directed against lysozyme from mixtures according to 
affinity using a panning procedure 

30 For isolation of an antibody with a desired high 

affinity, it is necessary to be able to select an 
antibody with only a few fold higher affinity than the 
remainder of the population. This will be particularly 
important when an antibody with insufficient affinity 

35 has been isolated, for example, from a repertoire derived 
from an immunised animal, and random mutagenesis is used 
to prepare derivatives with potentially increased 
affinity* In this example, mixtures of phage expressing 
antibodies of different affinities directed against hen 

40 egg lysozyme were subjected to a panning procedure. It 
is demonstrated that phage antibodies give the ability to 
select for an antibody with a K d of 2nM against one with 
a K d of 13nM. 

The oligonucleotides used in this example are shown 
45 in the list below: 



OLIGONUCLEOTIDES 



VHBHD13APA 


: 5*- 


■ CAC 


AGT 


GCA 


CAG 


GTC 


CAA CTG CAG GAG AGC 


GGT 




















VHFHD13 


: 5'- 


CGG 


TGA 


CGA 


GGC 


TGC 


CTT 


GAC 


CCC 


HD13BLIN 


: 5'- 


GGG 


GTC 


AGG 


GCA 


GCC 


TCG 


TCA 


CCG 


HD13FLIN3 


: 5 ' - 


TGG 


GCT 


CTG 


GGT 


CAT 


CTG 


GAT 


GTC CGA T 


VKBHD13 


: 5'- 


GAC 


ATC 


CAG 


ATG 


ACC 


CAG 


AGC 


CCA 
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^ GAG TCA TTC TGC GGC CGC ACG TTT GAT TTC 

VKFHD13NCKC : 5'- GAG TCA 
CAC CTT GGT CCC TTC CCT GT 

MURD13SEQ : 5'- GAG GA£ « ^ 
HUMD13SEQ: : 5'- TTG GAG CCT TAG ^ 
FDPCHFOR : 'g GTT GTC ATT GTC GGC 

FDPCRBAK - : 5 - 606 Aib , 

directed against lysozyme 

!^^>r^%SrSiA as Fabs. are 
combinations of the ™° * 
shown below: chain Plasraid 

S5S . M -"* ■ l * «« So 3 

HuH-1 «" K .3 13 nw 

HuH-2 • ( not determined) 

HUH-2 

primary PER , ' of tne variable regions was 

2 ul dKTF (5mM) ™„i. B /ul) (VHBHD13APA or VraiKD13> 

l-V^o^la 'S^U^' ( VHFHD13 or 
30 V^ISNOT^ d econta»inated byW i£adiation» 
destro^forelgn P» for 5_ *i™ t-^-J „as> covered^ 

« 94^TIor 5 Sinutes before the ""J*"^ Tne cycling 

35 Srt P° W»r»e« 3 94 r -C ?lin! «-C 1 72-C 1.6 Mn 

conditions used were 

? * min. 'for 17 cycles. _ jx ^^ ^ T . nnnina the samples on 
*" " Amplified DNA was ^^r^ at 90 inA, excising xne 
a 2% low melting f oint „ fl ag ^racting the DNA using the 
appropriate ^%^01 fnc!) «Z the VH and VK, °r by 
cseneclean II Kit ibj.u / rn<stax ^ for the linKer. « 

S S pin-X ««« »sea° S to rUuspend the extracted 
final volume of 10 \x± was 

^g^ y o£ the £0 ur single chain Fv Humanized D1.3 
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(scFv HuD1.3) constructs was by the process of 'assembly 
by overlap extension' example 14. 
The following were combined: 
34.5 pi Water 
5 5 pi PCR Buffer (lOx) 
2 pi dNTP (5 mM) 

2.5 pi Back oligo (10 pmoles/pl) (VHBHD13APA) 
2.5 ill Forward oligo (10 pmoles/pl) (VKFHD13N0T) 

Once again, the reaction is decontaminate by UV 

10 treatment for 5 minutes before the addition of 1 pi of 
the primary PCR products; VH-1 or VH-2, VK-3 or VK-4, 
plus the linker DNA. The reaction was covered with 2 
drops of paraffin, and heated at 94 °C for 5 minutes 
before the addition of 0.5 pi of Taq Polymerase. The PCR 

15 cycling conditions used were 94*C 1 min, 60°C 1.5 min, 
72°C 2.5 min for 20 cycles. 

The aqueous layer under the paraffin was extracted 
once with phenol, once with phenol: chloroform , once with 
ether, ethanol precipitated, and resuspended in 36 pi of 

20 water. To this was added, 5 pi of lOx Buffer for NotI, 5 
pi 1 mg/ml BSA, and 4 pi (40 U) of NotI (New England 
Biolabs). The restriction was incubated at 37 °C 
overnight. 

The DNA was ethanol precipitated and resuspended in 
25 36 pi of water, and 5 pi lOx NEB Buffer 4, 5 pi 1 mg/ml 
BSA, and 2 pi (40 U) of ApaLI (New England Biolabs). 
This was incubated at 37 °C for 5 hours; a further 2 pi of 
ApaLI was added and the reaction incubated at 37°C 
overnight. 

30 tThe cut DNA was extracted by gel purification on a 

1.3% low melting point agarose gel followed by treatment 
with Geneclean, to yield the insert DNA for cloning. 

Vector fd CAT2 (prepared and digested with ApaLI and 
NotI as in example 20) and the scFv DNA were ligated as 

35 in example 20. 

Analysis Of Clones 

Colonies from the ligations were first screened for 
inserts by PCR screening. The PCR mixture was prepared 
in bulk by combining 14.8 pL lx PCR Buffer, 1 pi dNTP (5 

40 mM), 1 pi Back oligo (FDPCRBAK), 1 pi Forward oligo 
(FDPCRFOR), and 0.2 pi Taq polymerase per colony 
screened. 20 pi of this PCR mixture was aliquoted into a 
96 well Techne plate. The top of a colony was touched 
with a toothpick and twirled quickly into the PCR mixture 

45 and the colony rescued by placing the toothpick in a 
Cellwell plate (Nunc) containing 250 pi of 2x TY medium. 
The PCR mixture is covered with 1 drop of paraffin and 
the plate placed on the block at 94 °C for 10 minutes 
before cycling at 94 °C 1 minute, 60 °C 1 minute, 72 °C 2.5 

50 minutes • 

The clones thus derived were named as below. The 
affinity of scFv fragments derived the Fab fragments was 
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?f K^Sf* ftfSl£?E£cH 9 132-137. «9». 

affinity 

Construct composition of Fab (Kd) 

Name 

TPB1 VH-HuH2-(Gly 4 -Ser)3-W-HuK3 
?ra2 VH-HuHl-(Gly 4 -|er 3-W-HUK4 x 

llll VH-HuH2-(Gly 4 -Ser 3^"^ 1 52 ^ 

TPB4 VH-HUH1- ( Gly 4 -Ser ) 3-VK-HUK3 

FT.ISA was as described in 
«£r^? cSner^Tt Jff* «« — sbown » 
15 bind lysozyme as expected. 

20 CAT2 _ ^'PBlv fd-CAT2 TPB2, or 

one round of pannxng. affinity selection by 

The general method usea devi ation from this 

panning is that .-^^ JSmt point. Panning 
protocol is descrabed at th.^ platfo rm between 
25 plates were placed o 

manipulations. m . M „ 0 culture dishes were coated 

Falcon 35 mm Tissue ®£* !a £^ aM concentrations) 
overnight with 1 jl .of ^carbonate, P H 9.6, and 
ii^^^^-^^Z^S^oam temperature for 2 
•*n blocked with 2 ml 2% ^ . o% MPBS and rocked at 

30 nours. Phage were prepared ^in 1 ml 2% MP ^ g 
room temperature £ or 2 hours • J ia so i u tions; 5 times 
minutes with 2 ml of the * ol £^l% cl pH 7.5; 500 mM 
with PBS. PBS-Tween, 50 «** JF 18 5 T 50 o mM Sodium 

35 loSum^hioride^ 50 5 P 0 H 0 podium Chloride, 

chloride 50 mM Tris-HCl, pH 9.3, Q0 m So dium 

^S, ld &l» Hydrogen «*«-^ g ^ing 1 i 100 nM 

40 1 '° " TrlS " 
HC1 ' Plates' were coated overnight with Lysozyme at the 
concentration listed below, &f ^ng were 
n«irtn-ies from the single e nFvDl.3> or 
w _. th _ murdSEQ ^ror 

Circles of nitrocellulose (J^JJ^* lowered gently 
85, 0.45 urn) were ****** S-TS panning experiments 

Sr^^^"^ s ^- fl L Denaturin9 
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solution (500 mM Sodium Hydroxide; 1.5 M Sodium Chloride) 
for 5 minutes. They were then transferred to 3MM soaked 
in Neutralizing Solution (3.0 M Sodium Chloride; 500 raM 
Tris-HCl, pH 7.5) for 1 minute, and then to 3MM soaked in 
5 5x SSC; 250 mM Ammonium Acetate for 1 minute. The 
filters were then air dried before baking in an 80 °C 
vacuum oven for 30 minutes. 

The oligonucleotide probe was prepared by combining 
the following: 
10 2 ]il oligonucleotide (1 pmoles/jil) 

2 ]il *tf -32P ATP (3000 Ci/mmole) (Amersham International 
pic) 

2 pi 10 x Kinase buffer (0.5 M Tris-HCl, pH 7.5; 100 mM 
Magnesium Chloride; 10 mM DTT) 
15 12 \xl Water 

2 pi Polynucleotide Kinase (20 Units) 
This was incubated at 37 °C for 1 hour. 

Hybridization was performed in the Techne HB-1 
Hybridiser. The baked filters were pre-hybridized at 
20 37 °C in 40 ml of Hybridization Buffer (10 ml 100 mM 
Sodium pyrophosphate; 180 ml 5.0 M Sodium chloride; 20 ml 
50x Denharts Solution; 90 ml 1.0 M Tris-HCl, pH 7.5; 24 
ml 250 mM EDTA; 50 ml 10% NP40; made to 1 litre with 
water; 60.3 mg rATP; 200 mg yeast RNA (Sigma)), for 15 
25 minutes before the addition of the 20 pi of the kinased 
oligo. * The filters were incubated at 37°C for at least 
one hour, and then washed 3 times with 50 ml of 6x SSC at 
37 °C for 10 minutes (low stringency wash). Filters were 
air dried, covered with Saran wrap and exposed overnight 
30 with Kodak X-AR film. 

Selection of fd-CAT2 scFv D1.3 from fd-CAT2 TPB4 

Figure 39, summarizes the results from panning 
experiments using a mixture of the high affinity fd-CAT2 
ScFv D1.3 phage (Kd-2 nM) and the fd-CAT2 TPB4 construct 
35 (Kd-52 nM). 

At a coating concentration of 3000 jig/ml Lysozyme, 
little or no enrichment could be obtained. It was 
however, possible to get enrichment for the scFv D1.3 
phage when a lower concentration of Lysozyme was used for 
40 coating the plates. The best enrichment value obtained 
was from 1.5% fd-CAT2 scFv D1.3 in the starting mixture, 
to 33% fd-CAT2 scFv D1.3 in the eluted faction, on a 
plate coated overnight with 30 yg/ml Lysozyme. 
Selection of fd-CAT2 scFv D1.3 from fd-CAT2 TPB1 
45 Enrichment for the high affinity scFv D1.3 phage 

over the fd-CAT2 TPB1 phage (Kd-13) nM, could only be 
shown from experiments where the plates had been coated 
overnight with low concentrations of Lysozyme, as shown 
in Figure 40. 

50 In summary, single chain Fv versions of a series of 

humanized D1.3 antibodies have been constructed in phage 
fd-CAT2. By affinity selection of fd-CAT2 phage 
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15 



20 



25 



affinity scFv HtiDl-3 phage. 

^ 1 »^t2^o r r 1 su^ S b tin 9 that this 

methodology may Scleral. h lococcal nuclease 

The gene £ or _ Jhe en^™e « P_y (Neuberger, 

SSwSSSKeS^^ ana Not! 

( 5 ' - „„« ^^.i^mmr!<T<r»T«prr3-.^ ' ^ restriction 

GGGATCCGGGGCCGCTTWAUL/i^*v^™.^.----- - • dige stion 

sequence of the SNase gene anu j et _ SNase phage was 
checked by DNA sequencing . ^ f inf ert^l E fcoli TGI 

53SS ^ 5=3 Tr sRssAS 

fusion protein demonstrated by _SDS 9 e £ antiserum 

^a^St^ph'e^oS?;? r^St (p/oteolytic „ 

„ Pr0dU |he 1S £usSr protein was shown to he ^f^f^ 
35 a=tiv! he by f ?Suha{ion of «J*«f~ £~ 

tstracycl^ resistant : col*»£« < l™>£££. if Ca 2+ , ana 
DNA (1 |ig) tor 1 hr at js/u in x * elect rophoresiB 

set free by -ay-totloo J*£j (Figure 42 > lies in the 
nuclease activxty of ,f ?- te ?" S ^8 ( assuming three 

same order °| ^gni tude <2 x ^J^^^ D ? SNase 
copies of SNase per TO) as an equ autnenti c SNase 

aid 25 XegTA blocked activity (not shown). 
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Example 37; Display of the Two Aminoterminal Domains of 
Human CD4 on the Surface of f d Phage 

The protein CD4, a member of the immunoglobulin 
superfamily, is a cell surface receptor involved in MHC 
5 class II restricted immune recognition. it is also 
recognised by the protein gpl20 derived from the human 
immunodeficiency virus (AIDS virus). The first two 
domains (named VI and V2, residues 1-178) of the surface 
antigen CD4 were amplified from pUC13-T4 (gift from T. 
10 Simon) containing the human cDNA of CD4, by PGR using 
primers with internal ApaLI (5'-GGA ATT CGT GCA CA G AAG 
AAA GTG GTG CTG GGC AAA AAA GGG G-3 f ) and Not I ( 5 ' -GGG 
ATC CGC GGC CGC AGC TAG CAC CAC GAT GTC TAT TTT GAA CTC- 
3 ? ) restriction sites. After digestion with these two 
15 enzymes, the PCR-product was cloned into fdCAT2, and the 
complete nucleotide sequence of the CD4-V1V2 DNA and 
junctions with gene III checked by dideoxy sequencing 
using oligonucleotides fd-seql (5 '-GAA TTT TCT GTA TGA 
GG), CD4-seql (5' -GAA GTT TCC TTG GTC CC-3 1 ) and CD4-seq2 
20 (5 '-ACT ACC AGG GGG GCT CT-3 1 ). In the same way r a fd- 
CD4-V1 version was made, linking residues 1-107 to the N- 
terminus of gene III, using previously mentioned primers 
and oligonucleotide 5' -GGG ATC CGC GGC CGC GGT GTC AGA 
GTT GGC AGT CAA TCC GAA CAC-3 f for amplification, PCR 
25 conditions and cloning were essentially as described in 
example 15 except that digestion was with ApaLI and Not I 
( used according to the manufacturers instructions ) . 

Both fd-CD4-Vl and fd-CD4-VlV2 phages were prepared 
-from the supernatant of infected E.coli TGI cultures by 
30 three rounds of PEG precipitation, thereby concentrating 
the sample 100-fold for ELISA analysis. The fusion 
protein was detected in a Western blot (results not 
shown) with a rabbit anti-gene III antiserum, and 
revealed bands of the expected size. 
35 Binding of the CD4 moiety to soluble gpl20 

(recombinant HIV-IIIB gpl20 from CH0 cells, ADP604, 
obtained from the Aids Directed Programme, National 
Institute for Biological Standards and Controls, South 
M i nim s, Potters Bar, UK) was analysed in an ELISA, using 5 
40 pg/ml gpl20 for coating (overnight, in PBS). Anti-M13 
antiserum was used to detect bound phage; all other 
conditions were as in Example 9. Figure 43 shows the 
ELISA signals of wild-type phage (fd-tet) and both CD4- 
phages. Both CD4-phages can bind gpl20, but fd-CD4-V!V2 
45 binds much stronger to gpl20 than fd-CD4-Vl. The binding 
competitors, soluble CD4 (recombinant soluble CD4 from 
Baculovirus, ADP 608; from the AIDS Directed Programme) 
(25 iig/ml) or soluble gpl20 (20 pg/ml), added together 
with the 50 pi phage stock sample during the ELISA, 
50 decreased the signal to background level. These results 
indicate that phage binding to gpl20 is mediated by the 
CD4 molecule displayed at its surface, , and that binding 
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is to^r. — - ~ a^oter^l ao^ns of CD* « 

is active' when displayed <» Jjactj ri rJ sp f ay of which is 
5 pdgfSb Receptor, the /unctiona I d ispi Y r Qf the 

5 described in ^^J?*^ d this result suggests that 

^T^i^ 5 ^^ 1 ^ generally s 

Sspiay oh the surface of phage- ^ M^ants of an 

|^^li^##S^^o^n^rthe 
~ It will sometimes be aes "-f"* onaae for example 
diversity of a pool of genes clone^inph a ?^ ge number of 
m a dooI of antibody genes, or to proau ^ many 

15 variants of a single clo ^ s g ^hods. However, an 
Iui^: i^O nr ^ f -^ a more diverse 

20 mutator strains. This has tne t± lly i imi ted only 

20 very large numbers of J™**?^ J^ Sndlld- The phage 
^ V "S SirfulTa^i to be taken of this 
display system allows i« altered clones. ^ 
numb^ to isolate improved or aiterea antibody SC Fv 

25 Nucleotide /equences ^ v ^ n |„ 3 . nitr0 phenylacetic 

fraqment directed against J-nyaroxy ^ 14 from a 

SnW), SCFVB18, Jf^NP „4e SoSd into fdCAT2 
monoclonal antibody against w _ we *, in example 11 

uSg ApaLl and Natl "^^agK* (fdCAT2 with its 

30 to create fdCAT2sc^Bl8 or^nto ^ ^ replace d by a 
tetracycline resistance gene w ± ps1;I an d NotI 

P HENlscFvBl8. ^i-ot- strains (R. M. Schaaper & R.L. 

P The following rou g to ^^270 1987; R. M. Schaaper 
Dunn J. Mol. Biol. 262 1627-16270 * ^ l988) we re 
Proc. Natl. Acad. Sci. U.S.A. 
40 used: . m »tD5-zaf 13: :Tnl0, prolac, F'prolac 

NK9232: ara, ^f & mu ? T i, ieu::Tnl0, prolac 

NR9670: ara, thi, azi^mur ; rolac> F , prola c 

NR9292: ara, w/ _i prolac, F'proiaci a /y-^ 

NR9084: ara, thi, mutTl, azi, v 
45 M15 . E rif/ nalA, metB, argE(am), 

NR9046: ara, thi, sup*., " . 

prolac, F'prolac schaaper (Department of 

Sere kind gifts ,o ^ Dr. *• *• pQ B J X 1223 3, Research 
Health & Human^ Services, 

SteStTl: NR9046 mutTl: :Tnl0 
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were constructed by PI transduction according to standard 
procedures. Mutator strains were transfected with 
fdCAT2scFvB18 of f dDOGKanscFvB 1 8 and transf ectants 
selected for antibiotic resistance. Transf ectants were 
5 grown for 24h at 37 °C before mutant phage was harvested 
by PEG precipitation. The mutant phage were selected on 
a 1ml NIP (4-hydroxy-3-iodo-5nitrophenylacetic acid)- 
BSA-Sepharose affinity column (prepared according to the 
manufacturers instructions) prewashed with 200ml of PBS 
10 and blocked by 20ml MPBS. Phage were loaded on the 
column in 10ml MPBS and unbound material reapplied to 
ensure complete binding. The column was subsequently 
washed with 10ml of MPBS and 500ml of PBS. Phage bound 
to the affinity matrix was eluted with 5 column volumes 
15 of 0.33 mM NIP-Cap (example 48). 

Phage eluate was incubated for 30min to lh with log 
phase ( 2xlO a cells/ml ) E . coli mutator strains without 
antibiotic selection. The infected cells were then 
diluted 1:100 in 2xTY and grown for 24h with antibiotic 
20 selection (15pg/ml tetracyclin or 30pg/ml kanamycin for 
fdCAT2scFvB18 or f dDOGKanscFvB 1 8 respectively). Phage 
from this culture was used for another round of affinity 
selection and mutation. 

Binding of phage antibodies was assayed by ELISA as 
25 in example 9 except that ELISA plates were coated with 
NIP-BSA (4-hydroxy-3-iodo-5-nitrophenylacetyl-BSA; 0.4 
mg/ml). Culture supernatants were prepared following 
growth in Cellwells as described in example 21 and 20pl 
of culture supernatant was added to each well diluted to 
30 200jil with MPBS. 

Phage samples giving signals in ELISA of more than 
twice the background were tested ELISA as above for non- 
specific binding against lysozyme, BSA or Ox-BSA (example 
9). Specificity for NIP was further confirmed by an 
35 ELISA in which serial dilutions of NIP-CAP were added 
together with phage antibodies. Addition of increasing 
concentrations of NIP-CAP reduced the ELISA signal to the 
background level. 

Phage giving positive signals in ELISA were 
40 sequenced and 2 different mutants were subcloned into 
pHENl phagemid and transformed into HB2151 for soluble 
expression and TGI for phage display (example 27). 

For expression of soluble scFv fragments, 
transf ormants in E.coli HB2151 were grown at 37 °C in 1 
45 litre 2xTY, 0.2% glucoe, O.lmg/ml ampicillin to an OD600 
of 1 and expression of soluble scFv fragments induced by 
adding IPTG to ImM. Cultures were shaken at 30 °C for 
16h. 

Soluble scFvBl 8 was concentrated from crude 
50 bacterial supernatant in a FLOWGEN ultrafiltration unit 
to a volume of 200ml. 

The concentrate was passed two times over a 2ml 
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io*M Citrate m *«r*luat. was aialyjed 

5 neutralised with lMTrls pHB. m Q _ 2m EDTA _ 

^t^-s^jss^tfsss tS 

« y S«Wion. isoxate* 

10 cione^ ^H^e^oJSineT^T^ 
strongly positive E " SA f Mutation of each of 

antibodies derived ELISA. The 

fdCAT2scFvBl8 and «^J™Sthat the parent phage 
15 ELISA conditions were . s1 * c " ™ signals . These phage 
15 £dCAT2scFvBl8 only j£&£ TeUSA signals were 
antibodies giving ^^J^SSat of roughly 2.5 per 
wrlobad/to*urt».««g^^ f "^ strongly positive 
round. Forty phage antibodies jiv^ displayed sing i e 

signals were sequence ~~ "prions in the scfvjij 
mutations in six dif f ere nt p e ±n the x gh t 

nucleotide sequences five ^ of ^^^ions occurred at 
chain. More than 70* ox ™f #i rs t alvcine in the J 
po"£?ions 724 and 725 ^ 9 t??ametork 1) t serine (in 21 
legment of the light chain (J r ^ wor % he stations found 
arfshoS X^ n ™^° - scFvB18 is shown 
- ^nutieotide sequences mjo oding the scFv fragments 

of a framework mutant ^^J^Tt^. in the CDR3 of 
mutation, as well as a mutant wt^ce 

the light cha ^ w h ?? Q J^Se pSge antibody clones and 
amDlified by PCR from the Pf"^V tlally a s in example 
3£S-d into pHENl PjgJ^j^SSS? with genelll 
ot -\ This avoids possioie y xw - m^e same 

mutation^ caused by «P -^f ^ the mutants were 
pattern of ELISA signals was seen wn phage mid with 

displayed on phage Rowing & 25) as when the 

»»--2^S?!^ from the pha9e 9enom 

M ^ scrv *£. scF ^^ryroSne 

fragments containing the 9^^^ were expressed in 
+n asoartate mutations re^e°rive HB2151 as 

solution ■:.(«^«rtjB 3 Jf aMI ? n ;V^howed"no differences in 
in example 27) at 30 C. in »y *L B18 ^ the framework 
Sa ELI& signals be tweenwi IMP •» 8^ 
mutant. The signal obtainea "-oh. * soF vBl8 was about 
tto V >ta^.to«gJW«g, were found to be 

50 10x stronger. •™^ ( es S western blotting using an 
comparable ^ 0^ by Western des cribed above), 
antiserum raised against g^p ^ 
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Affinity measurements were performed usina fluorescence 
quenching as described in example 23. Affinity 
measurement of affinity purified scFv fragments however 
showed scFvBl 8 , and the scFvB18 (Gly->Serj and 
r scFvB18(Tyr->Asp; mutants all to have a comparable 
affinity of 20nM for NIP-CAP. 

A Western blot using an anri-genelll antibody showed 
the framework mutant had suffered significantly less 
proteolytic cleavage than scFvB18„ 

10 Hence, the use of mutator strains generates a 

diverse range of mutants in phage antibodies when they 
are used as hosts for clones for gene III fusions. In 
this case some of the clones exhibit higher ELISA signals 
probably due to increased stability to proteolyic attack. 

15 The mutator strains can therefore be used to introduce 
diversity into a clone or population of clones. This 
diversity should generate clones with desirable 
characteristics such as a higher affinity or specificity. 
Such clones may then be selected following display of the 

20 proteins on phage. 

Example 39 Expression of a Fv Fragment on the Surface of 
Bacteriophage by Non-Covalent Association of VH and 'VL 
domains ~ 

This example shows that functional Fv fragments 

25 can be expressed on the surface of bacteriophage by non- 
covalent association of VH and VL domains. One chain is 
expressed as a gene III fusion and the other as a soluble 
polypeptide. Thus Fv fragments can be used for all the 
strategies discussed for Fab fragments including dual 

20 combinatorial libraries ( example. 26 ) . 

A useful genetic selection system for stably 
associated Fv fragments could be established if the 
expression of Fv fragments as fusion proteins on the 
phage surface would be possible such that one V domain is 

35 fused to the gene III protein and the other V domain is 
expressed separately in secreted form, allowing it to 
associate with the V domain on the fusion protein 
provided the interaction strength is sufficiently high. 
This idea was tested in a model experiment using the V 

40 domains from the anti-hen egg lysozyme antibody D1.3 by 
fusing the D1.3 VK gene to gene III and separately 
expressing the D1.3 VH domain. 

Experimentally this was achieved as follows: The 
vector fd-DOGl was digested with the restriction enzymes 

45 PstI and Xhol. From the Fv expression plasmid dSWI- 
VHDl.3-VKDl.3myc version 3/pUC119 (Ward et al.,~1989 
supra) a Pst 1/Xho I-digested restriction fragment was 
isolated that carries the VH domain coding seauence 
(terminated by 2 stop codons), a spacer region between VH 

50 and VK genes including a ribosome-binding site for 
expression of the VK gene, a peiB leader seauence, and, 
following in frame, the VK gene. This fragment was 
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Coned i^o the digested ^^^^"V^ 
consrructvfd-tet Fv Dl ^ J^^pSon is transcribed from 
the dicisttorixc VH/W-gene iia op the VH QOmain is 

the gene ; III Promoter ^retxon secretion of the 

= achieved by the gene III P r °l ein * 1B leader sequence. 
VK-genelll fusion prot ein by the pel ^ ^ fd _ 

For control Ptoses J second Se ?y a similar route as 
tet FV DL3 ^S-S^ffer) was made^by 

described above: the VH used in t i restrictlon 

10 insertion :, of a 2 00 bp fragment in interrupting 
site at the junction of VH CD R 3/ , Jt ±a ^ 

the VH with several » J" J nse rtion sufficiently 

from previous « or « *£? a£iish binding to the 

disrupts the VH strucj^re to so iuble Fv or 

15 antigen lysosyme when ^P^ s !f a single-chain Fv fragment 
single-chain Fv f ragment ****** ^ used as a control, 
on phage surface. This fd-tet Fv D1.3, fd-tet 

rrn harTPTia carrying exxnei _ ^ _ _ control 
Fv"dI:3 ^S-Stuffer) or as , cult ure 

fd-tet scFv D1.3 ? las ^ff X r Jf r .?e?ScYcline) for 24h to 

( medium 2xTY containing 15 ^ /m ^ he e1: su J ernata nt . After 
produce -phage particles in th^s p n ^ phage 

removal of bacterial cells b y^J re -infecting 
titer in the : supematants ^was ^f^TdilStions of the 
exponentially ^ owing .„^i et racw:line-resistants colonies 
supernatahts and scorxng ^"^^JJg. T he infectious 
af?er plating on ^-S^e^L^O^ *•« transducing 
ohage titers achieved were conrro i fd-tet 

units/ml for the • _ W^Sf^S^ii? units/ml for Fv 
scFv D1.3 and ^ 2x10^ tetR transduc |_ tet Fv D1 . 3 fcs- 
phage constructs rd-tet Fv Dl.d ana 

Stuffer >'.'-' . „ a _ performed as in example 2. 

ELISA of hen ^ 1 y so ^ n M " P F JT Phage derived from 
The results are shown in Fl 9-*°- construct fd-tet 
bacteria carrying and f^g"*^ ^ l^zyme, and 
Fv D1.3 bind to "f^S* g£o lecount , indeed 

when taking the phage s i n Se-chain Fv bearing phages 
apparently better than the single cna teria . T he 

produced by fd-tet s 5^° n ' 3 „d ^e requirement for a 
Specificity of the reaction fe q tne fd -tet Fv 

functional VH domain _is d ^ 0 ^ te di s«ption of the VH 

^srssa^ ^Cr Fv fra9fflent associatlon 

eliminates binding , to lysojsyne. structure of the 

45 As d, final control of the ^f^^ was carrie d out. 

VK/genelll fusion protein a . ""^J J! d l0 o fold by two 
20 ul of phage ^P«~~ S "peg were aoplied to a 10% 
sequential 'i^P^S™ S^Sy^eoaiitad and then 
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incubation with 3% BSA in PBS, and detection of the gene 
III protein accomplished by incubation with a 1:1000 
diluted rabbit anti-genelll antiserum for 2h, several 
washes in PBS/0.1% Tween 20, incubation with peroxidase- 
5 conjugated goat anti-rat immunoglobulin antibodies, 
washes and development with the chromogenic substrate 
diaminobenzidine/CoCl 2 /0.03% H 2 0 2 - The Fv phage fd-tet 
Fv D1.3 yields a band for the gene III fusion protein 
(data not shown), that is intermediate in size between 

10 the bands obtained for a wild-type gene III protein from 
fd-DOGl and the scFv-gene III fusion protein from fd-tet 
scFv D1.3, thus proving the presence of a single 
immunoglobulin domain covalently fused to the gene III 
product int he Fv phage, 

!5 In summary, Fv-gene III fusions in which one V 

domain is fused to the gene III protein and the other V 
domain associates non-covalently can be presented in 
functionally active form on the surface of filamentous 
phage. This opens the possibility to genetically select 

20 for stably associated Fv fragments with defined binding 
specificities from V gene libraries expressed in phages. 
Example 40 A PCR Based Technique for one step Cloning of 
Human V-qenes as Fab Constructs 

This example describes a PCR based technique to 

25 "assemble" human Fabs by splicing together the heavy and 
light chain DNA with a separate piece of 'linker' DNA. A 
mixture of universal primers is used which should make 
the technique applicable to all human V-genes. 

^The general : technique for PCR assembly of human V- 

30 genes to create a Fab construct is described. The 
efficiency of this technique was assessed by 
"assembling", cloning and expressing a human anti rhesus - 
D (Rh-D) Fab from a IgG-K monoclonal hybridoma. We also 
demonstrate the potential to rescue human monoclonal 

35 antibodies from polyclonal cell populations by 
assembling, cloning, expressing and isolating an IgG- 
lambda monoclonal anti-Rh-D Fab from a polyclonal 
lymphoblastic cell line (LCL). 

The overall strategy for the PCR assembly is shown 

40 in fig. 47 and is described in more detail below. For Fab 
assembly, the VH-CH1 and VK-CK or V lambda-C lambda light 
chains are amplified from first strand cDNA and gel 
purified. Heavy and light chain DNA are then combined 
together with linker DNA and flanking oligonucleotides in 

45 a new PCR reaction. This results in a full length Fab 
construct since the 5' end of the linker DNA is 
complementary to the 3 f end of the CHI domain and the 3' 
end of the linker is complementary to the 5' end of the 
light chain domain. The linker DNA contains rerminal 

50 residues of the human CHI domain, the bacterial leader 
sequence (pelB) for the light chain and the initial 
residues of the VK or V lambda light chain (fig.2). 
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5 ^f^^i^^h^^ VK and 

data exacted from the J^* I ^^ a i IC inta^. 4th 
10 al, Sequences of P"* 6 " 13 ° r „tr ith an d Human Services. 
Edition. US Department of Health «v * £ p et 

1987 > the E^L; database r^}^f^ ^published data. 
al r Eur J. imntunpl. 1990. 2 ^1317)^ ^ g±ven 

The sequence of the . W , VK ««^ed VH primers with Sfil 

15 StJfS ^he -d^were Sr^signe^ (Table 10) for 

»~*£5r*'£ the PCR based cloning of human V genes. 

20 There are two sets of assembly, the forward 

scFv is to be Pyoduced. For Fab assemo y ck 

primer was based at the 3 end oi « c2 

Somain and Clambda domain In g ^tended 
FORWARD primers were also synttie ajxzea 

25 versions with Notl sites at their 5 primers and 

30 To ensure adequate amplification, tne pro. 
extended into the actual linker sequence. 

A ^TnirtressS ntially the same as described g Example 

33 ?olycloni lymphoblastic cell lines were used. 

B cDNA pr eparation PN a in 20ul water was 

h .i^feS: tiinuterieSea 1 on°i« and added 

of avian myeloblastosis virus i 

^^0^ £ o°n iCe and 

centrif uged for 5 minutes. 
C Primary PCRs 
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For the primary PCR amplifications, an equimolar 
mixture of the appropriate family based BACK and FORWARD 
primers was used. (See specific examples 40a and 40b 
given later in this example). A 50ul reaction mixture 
5 was prepared containing 5ul of the supernatant from the 
cDNA synthesis, 20 pmol total concentration of the 
FORWARD primers, 250 uM dNTPs, 50mM KC1, lOOraM Tris. HC1 
(pH 8.3), 1.5 mM MgC12, 175ug/ml BSA and lul (5 units) 
Thermus aquaticus (Taq) DNA polymerase (Cetus, 

10 Emeryville, CA). The reaction mixture was overlaid with 
paraffin oil and subjected to 30 cycles of amplification 
using a Techne thermal cycler. The cycle was 94 °C for 1 
minute (denaturation) , 57 °C for 1 minute (annealing) and 
72 °C for 1 minute (extension). The product was analyzed 

15 by running 5ul on a 2% agarose gel* The remainder was 
extracted twice with ether, twice with phenol /chloroform, 
ethanol precipitated and resuspended in 50ul of HoO. 
D Preparation of linker 

To make the Fab linker DNA, 13 separate PCR 

20 reactions were performed using HulgGl-4CHlF0R and each of 
the reverse VK or V lambda oligonucleotides. The 
template was approximately Ing of pJM-lFab D1.3 (fig. 48) 
The PCR reaction reagents were as described above and the 
cycle was 94° :1 min, 45°:lmin and 72° :1 min. The linkers 

25 were analyzed on a 4% agarose gel, purified on a 2% 
agarose gel, eluted from the gel on a Spin-X column and 
ethanol precipitated. 
E Assembly PCRs 

For PCR assembly of a human Fab approximately lug of 

30 a primary heavy chain amplification and lug of a primary 
light chain amplification were mixed with approximately 
250ng of the appropriate linker DNA in a PCR reaction 
mixture without primers and cycled 7 times (94°: 2 min, 
72°: 2. 5 min) to join the fragments. The reaction mixture 

,35 was then amplified for 25 cycles (94°:1 mi, 68°-72°:l 
min, 72°: 2. 5 rain) after the addition of 20 pmol of the 
appropriate flanking BACK and FORWARD primers. 
F Adding Restriction Sites 

The assembled products were gel purified and 

40 reamplified for 25 cycles (94°:1 min, 55° :1 min, 72°: 
25min) with the flanking oligonuceotides containing the 
appended restriction sites. PCR buffers and NTPs were as 
described previously. 

Specific ex amples of PCR assembly of human immunoglobulin 
45 genes " " 

*z PCR ass embly of a Fab from a human hybridoma ; the 

human monoclonal anti Rh-D cell lines Fog-1 (igG-k) was 
derived from EBV transformation of the PBLs of a Rh-D 
negative blood donor immunized with Rh-D positive blood 
and has been previously described (Melamed, M.D., et al., 
J. Immunological Methods. 1987. 104:245) ( Hughes- Jones 
N.C., et al., Biochem. J. 1990. 258:135) (Gorick, B.D. et 
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al., Vox.-Sang. 1988 55:165) JJ^SSS 
from" approximately ™'J**F£ k £J^ above using the 
cDNA synthesis was perf ormea as. wwrifi ea a 

5 performed for the VH-CH1 us £ n J and for the vk-CK 
HuVHBACK primers _and and huCKFOR. A 

using a mixture of the 6 HuVKBACK prim b d above . 

Fab construct was assembled as descr^ ine 

^^fiwV? rested' w?S SS *S£ Notl. The 
10 ^J^^-^"S- - transform ^jgjg^gg 
E.M.G. cells. Ninety-six clones were toothpic e 
media in microtitre plate wells , gown ^ to ^ raia J P d b 

3t 3 °° h C f^JT^T^ 2* followed by growing for 
15 *? 3 3 7-C : Se ninety-six clones were then 
screened for alt^Rh-D Activity as described below 

-eened fo^ - ™" £r °" 3 ^ cl ? na ^ B lnS 

^oTyclonai LCL w was 7^ nhocvt es (PBLs) 

20 of approximately 1Q 7 peripheral blood ^f^ 6 ^ s ™ ±ve 
from*? Rh-D negative donor ^ ° at a 

red blood cells, The ms ,5?^ S 10 5 cells per well. 

HuCLFOB. . Primary PCRs were and ^Hul 9 Gl-4 

Shells of round bottom microtitre plates and the 
the wexxs OI Ti-tertek plate shaker for 2 mm. 

plates were placed on a TlterteK pxa PB s/BSA was 

After 15 min indication at cH C iuu uj. ci - n0 
addS to each well. The plates were centnfugea at 200 g 
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for 1 rain and the supernatant was discarded. The 
erythrocytes were resuspended in the remaining PBS/BSA 
and the Fab fragments were crosslinked by addition of 
the 9E10 monoclonal antibody (50ul a lug/ml solution in 
5 PBS/BSA) directed against the myc peptide tag (Ward, 
E.S., et al.. Nature 1989. supra). The plates were 
placed at room temperature (RT) until sedimentation had 
occurred. Agglutination of erthrocytes caused a diffuse 
button of erythrocytes and the results were evaluated 

10 macroscopically. Specificity was confirmed with a 
standard prepapainized (as above) panel of 9 erythrocyte 
suspensions in PBS (all suspensions blood group O, 4 D 
positive and 5 D negative) known to have homozygous 
expression of all the clinically relevant erythrocyte 

15 blood group alloantigens . The number of copies of the D 
antigen on the D positive cells varied between 10 , 000 and 
20 , 000 per erythrocyte depending on the Rh genotype * 
Briefly, 50 ul phage supernatant in PBS supplemented with 
2% (vol/vol) skimmed milk was mixed with 50 ul of a 2% 

20 erythrocyte suspension in PBS in glass tubes and 
incubated for 15 min at 37 °C. After one wash with 
PBS/BSA the erythrocytes were pelleted and resuspended in 
50 ul donkey anti-human lambda light chain (Sigma L9527, 
diluted 1:40 in PBS/BSA). The tubes were centrifuged for 

25 1 rain at 200g and agglutination was read macroscopically 
using "tip and roll" method. 

Results 

30 a PCR assembly of a' Fab from a human hybridoma : A single 
band of the correct size was obtained after 
amplification. Thirty-eight of 96 clones (40%) screened 
specifically agglutinated Rh-D positive but not Rh-D 
negative red blood cells. The results demonstrate a high 

35 frequency of successful splicing in the assembly process 
and the potential of this technique for one step cloning 
of human hybridomas. 

b Assembly of human Fabs from a polyclonal lymphoblastic 
cell line ( LCL ) ; Analysis of the diversity of the clones 

40 indicated that 3 different heavy chain families and 2 
different light chains families were present. Five anti- 
Rh-D specific clones were identified out of 96 screened. 
The VH and V X chains had identical nucleotide sequences 
in each clone and were typical of anti-Rh-D V-genes 

45 (unpublished results). The results demonstrate the 
potential of this technique to assemble, clone and 
isolate human antibody fragments from polyclonal cell 
populations ( see also section on isolation of specific 
binding activities from an 1 unimmunized 1 human library 

50 (examples 42 and 43). 
Example 41 

Selection of Phage Displaying a Human Fab Fragment 
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again-- — »--"-° » "t1aro *r *° CeIls 

instances, it would be "»^™"* *° ^ti^aies directed 
against these ^"sens. For e Saen S red blood cells 

assays?- -^S^SVasr s*s 

surface of bacteriophage fSSSili?7 of affinity 
antigens. To test ^^^g^ the anti-Rh-D 
?^_ fi ^°^ SSLS^-B "S." displayed _as a Fab 

displayed Fog-B Fab »«^I*5^ B Sfi5iy purified .on 

SgSt on tiS ^oTB'^been previously 

y The human hybndoma Fo 9-* h " J£i n §. 268 135 
described (N.C. Hughes-Jones tal Biochem, J hicirBinds 

( 1990 ). It produces an ^^% d an ^%7 hybridoma 
the Rh-D antigen. RNA was prepareu described 
. cells using a mcxlifi ^"^*c>^£^— 
in example 14) ana xst: s^ iflllu ,. nh i chain primers 
specific V i f^^ 1 "JrSA^^ ! ^^^ CTT ATG 
35 iT^G^^ « Ascribed in ex-pie 

14^ The VH gene was ^^^ ^tJ^T ano" 
aliquot Of the 1st strand ?^. f l^ n9 ns ^g a vAprimer 
HUVH1FOR. The VX ^^CAG CCA TGG CC ACT 

40 specific . . ( VAFOfl-B . 5 AAC ^ as 

CTG TGT TCA CGC AGC C-3 1^ PGR products were analyzed 
described^ example 40. J^f*^ The remaind er was 

by runniity - ^"v,o7'"V W ice"'with phenol/chloroiorm, 

extracted twice with ether, twice «J™ P Qf H Q> The 

the amplified VA-C, DNA wirn extracted 

fragments; were purified on a Jj aj«w 

usiS Geneclean, and sequentially legated int 

50 soluble expression ^^J^'\JSt "ere initially 
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of expressed soluble Fab (see example 23 for induction 
conditions). The Fog-B Fab cassette was amplified from 
pJM-1 by PCR using HuVH4BACK-Sf i and Hu CA~Not, digested 
with the appropriate restriction enzymes and ligated into 
pHENl . Clones containing the correct insert were 
identified initially by restriction analysis and 
subsequently by assay (see example 25 for induction 
conditions ) . 

Assay for soluble Fog-B Fab fragment and phage 
displayed Fog-B Fab fragment for anti-Rh-D activity and 
documentation of specificity. 

Assay of the soluble expressed Fab was performed on 
unconcentrated E.coli supernatant. Assay of Fog-B 
displayed on the phage surface was performed on phage 
15 that had been concentrated 10 fold by PEG precipitation 
and then resuspended in PBS. the assays for activity and 
specificity are as described in example. 

Cell surface affinity purification of phage 
displaying Fog-B anti-Rh-D Fab fragment 
20 Purified Fog-B phage was mixed with purified phage 

Fd-Tet CAT-1 displaying the anti-lysozyme scFv D1.3 
(pAbD1.3) in a ratio of approximately 1 Fog-B: 50 
scFvDl . 3 . Prepapainized erythrocytes ( 0R2R2 [ Rhesus 
positive] or Orr [Rhesus negative] ) were suspended in PBS 
25 supplemented with 2% skimmed milk powder in a 
concentration of 4xl07/ml. One ml of this suspension was 
mixed with 10 11 phage suspended in 2 ml of PBS 
supplemented with 2% skimmed milk and incubated for 30 
min at room temperature under continuous rotation. The 
erythrocytes ^-were washed three times with an excess of 
ice-cold PBS (10 ml per wash) and subsequently pelleted. 
The phage were eluted from the cells by resuspending in 
200 ill of 76 mM citric acid pH 2.8 in PBS for 1 min. The 
cells were then pelleted by centrifugation for 1 min at 
35 3000 rpm and the supernatant containing the eluted phage 
was neutralized by adding 200 ]il of 240 mM Tris-base, 
22mM Disodium hydrogen phosphate in 1% w/vol albumin. 
Serial dilutions of the eluate was used to infect TGI 
cells. Fog-B Fab phage were selected on ampicillin 
plates and scFvD1.3 phage on tetracycline plates and the 
titre of each determined prior to selection, after 
selection on rhesus-D negative cells and after selection 
on rhesus-D positive cells • 
Results 

Fog-B Fab fragment displayed on the surface of the 
phage derived from the phagemid pHEN clone specifically 
agglutinated rhesus-D positive but not rhesus D-negative 
red blood cells. Affinity purification of the Fog-1 Fab 
phagemid on Rh-D positive red blood cells resulted in an 
50 enrichment from 1:50 to 1500:1 (Fog-B Fab:scFvD1.3), 
whereas purification on Rh-D negative red blood cells 
demonstrated essentially no enrichment (10 fold). 
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, B &2 a rfF °l cpd Technic 

human scfvs « i om pntarv to xne o ^y^^ nr> nrimers 

Edition. US Depar vs 
lW7, i D addition. a To 

U ^ 2'of J reverse JH P* 1 " 6 "^ °V lambda 
using each, ot xne reverse VK ana v 

with each of the 1 was approximate^ in<3 

^^TTwarci; B~ W& supra) contain xng t*e sho^ 
PSW2SCD1.3 ^Ward (Burtonr J.S. et al., 

I 7 1oecific-xampae_of_PC^ — — 
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material from approximately 2 x 10 ; B-cells, was used for 
cDNA preparation as described in example 40. Heavy 
chains originating from IgG and IgM antibodies were kept 
separate by priming cDNA synthesis with either an IgG 
5 specific primer ( HuIgGl-4CHlF0R ) or an IgM specific 
primer ( HulgMFOR) . Aliquots of the cDNA was used to 
generate four separate scFv libraries (IgG-K, IgG-lambda, 
IgM-K and IgM-lambda) as described in example 40. The 
resulting libraries were purified on 1.5% agarose, 
10 electroeluted and ethanol precipitated. For subsequent 
cloning, the K and lambda libraries were combined giving 
separate IgG and IgM libraries. 

Cloning of the library : The purified scFv fragments (1- 
4ug) were digested with the restriction enzymes NotI and 

15 either Sfil or Ncol. After digestion, the fragments were 
extracted with phenol /chloroform, ethanol precipitated. 
The digested fragments were ligated into either Sfil-NotI 
or NcoI-NotI digested, agarose gel electrophoresis 
purified pHENl DNA (6ug) (see example 24), in a 100 yl 

20 ligation mix with 2,000 U T4 DNA ligase (New England 
Biolabs) overnight at room temperature. The ligation mix 
was purified by phenol extraction and ethanol 
precipitated. The ligated DNA was resuspended in 10 ]il 
of water, and 2.5 \il samples were electroporated into 

25 E.coli TGI (50 pi). Cells were grown in 1 ml SOC for 1 
hr and then plated on 2 x TY medium with 100 pg/ml 
ampicillin and 1% glucose (AMP-GLU), in 243 x 243 mm 
dishes ( Nunc ) . After overnight growth colonies were 
scraped off the plates into 10 ml 2 x TY containing AMP- 

30 GLU and -15% glycerol for storage at -70 °C as a library 
stock. 

Cloning into Sfil-NotI and NcoI-NotI digested pHENl 
yielded libraries of 10 7 and 2 x 10 7 clones respectively 
for the IgM libraries and approximately 5 x 10 7 clones 
35 for each of the two IgG libraries. 

Example 43 Isolation of binding activities from a library 
of scFvs from an unimmunized human 

The ability to select binding activities from human 

40 antibody libraries displayed on the surface of phage 
should prove even more important than isolation of 
binding activities from murine libraries. This is 
because the standard way of generating antibodies via 
hybridoma technology has not had the success with human 

45 antibodies that has been achieved with mouse. While in 
some instances it will be possible to make libraries from 
immunized humans, in many cases, it will not prove 
possible to immunize due to toxicity or lack of 
availability of an appropriate immunogen or ethical 

50 considerations. Alternatively, binding activities could 
be isolated from libraries made from individuals with 
diseases in which therapeutic antibodies are generated by 
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^ he immune response. However, J^^n ^spleen 

5 ES^2^2SS^. —canoes 

«* ^feSKi" approach would * - --^Sa 
activities from a "S^ on estimates that a 

?o recognize ,over 99% ep 7^- els on, A.S. Immunol. 

„ ^« 0 ?^^ ^d/ n 0 r% using 

7*r vice versa). In Tnis _= w i R0 latinq specific 
^feasibility °* this .^ P s XU taainst"three dif f erenr 
antigen binding -g^*" 8 sc f V s from an unimmunxzed 

^^p'ns from a ixorary 



antigens from 

human* ^_ . 

Materials? and Methods 



uSsST RecomDin^ f£^ ls 20) wit h primers ; IMB3 

extremely diverse • 
pattern . ... thraries fmrnri^ ont ^°ff "m^l 

gescugLQf Phaqpmxd ^"gff^gatS library, + u ^j e % 
To-^giHue phagemiQ ^rtxcies 42) was inoculated 

ty containing AMP-GLU <^**™Ji library (prepared in- 
llti ?0* bacterid taker hr, shaking 
^-^UTOe^d^n (V : _centrifug^ 4 J. £ 
5n>' and: resu^pendec 11. ^ ^ of VCS-M13 

AMP ( see example 41) d incU bated 30 mm at 37 

tStratagene ) particljs added ^ ransferreQ to 900 ml 2 
without shaking. Cells. were to /ml) and kanamycin (25 
TY containing ampicillinj 100 'JW> while sn aking at 
ug/ml) (AMP-KAN), and grown ^ conce ntrated by 

S?.C Pbaae oarticles were P u ^"f° , and methods) and 
fhree pS^ecipitat^ 
resuspended m PBS o> 10 
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clones ) . 

Enrichment for phOx:BSA binders by selection on tubes : 
For enrichment, a 75 x 12 mm Nunc-inununotube (Maxisorp; 
Cat. No. 4-44202) was coated with 4 ml phOx:BSA (1 mg/ml; 
5 14 phOx per BSA in 50 mM NaHC03 pH 9.6 buffer) overnight 
at room temperature. After washing three rimes with PBS, 
the tube was incubated for 2 hr at 37 °C with PBS 
containing 2% Marvel (2% MPBS) for blockino. Following 
three PBS washes, phagemid particles ( 10 x3 TU) in 4 ml of 

10 2% MPBS were added, incubated 30 min at room temperature 
on a rotating turntable and left for a further 1.5 hours. 
Tubes were then washed with 20 washes of PBS, 0.1% Tween 
20 and 20 washes PBS (each washing step was performed by 
pouring buffer in and out immediately). Bound phage 

15 particles were eluted from the tube by adding 1 ml 100 mM 
triethylamine pH 11.5 and rotating for 15 min. The 
eluted material was immediately neutralised by adding 0.5 
ml 1.0 M Tris-HCl, pH 7.4 and vortexed. Phage was stored 
at 4°C. 

20 Eluted phage (in 1.5 ml) was used to infect 8 ml 

logarithmic growing E.coli TGI cells in 15-ml 2 x TY 
medium, and plated on AMP-GLU plates as above yielding on 
average 10 7 phage infected colonies. 

For selection of phOx:BSA binders, the rescue-tube 

25 enrichment -plating cycle was repeated 4 times, after 
which phagemid clones were analysed for binding by ELISA. 
Enrichment for lysozyme binders by panning and on 
columns: A petri dish (35 x 10 mm Falcon 3001 Tissue 
culture dish) was used for enrichment by panning. During 

"30 all steps, * the plates were rocked on an A600 rocking 
plate (Raven Scientific). Plates were coated overnight 
with 1 ml turkey egg white lysozyme (3 mg/ml) in 50 mM 
sodium hydrogen carbonate (pH 9.6), washed three times 
with 2 ml PBS, and blocked with 2 ml 2% MPBS at room 

35 temperature for 2 hours. After three PBS washes 
approximately 10 12 TU phage particles in 1 ml 2% MPBS 
were added per plate, and left rocking for 2 hr at room 
temperature. Plates were washed for 5 min with 2 ml of 
the following solutions: 5 times PBS, PBS-Tween (0.02% 

40 Tween-20), 50 mM Tris-HCl (pH 7.5) + 500 mM NaCl, 50 mM 
Tris-HCl (pH 8.5) + 500 mM NaCl, 500 mM Tris-HCl (pH 9.5) 
+ 500 mM NaCl and finally 50 mM sodium hydrogen carbonate 
pH 9.6 Bound phage particles were then eluted by adding 
1 ml 100 mM triethylamine pH 11.5 and rocking for 5 min 

45 before neutralising with 1 M Tris-HCl ( pH 7.4) (as 
above). Alternatively, 1 ml turkey egg white lysozyme- 
Sepharose columns were used for affinity purification 
(McCafferty, J., et al., Nature 1990. 348: 552) Columns 
were washed extensively with PBS, blocked with 15 ml 2% 

50 MPBS , and phage ( 10 12 TU) in 1 ml 2$ MPBS loaded. After 
washing with 50 ml PBS, 10 ml PBS- Tween (PBS + 0.02% 
Tween-20), 5 mi of 50 mM Tris-HCl (pH 7.5) - 500 mM NaCl, 
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5 mM Tris-HCl 9pH S.3) ♦ 500 * M ^ f ^ « 

BC1 (PH 9.5) * 50C I * NaCl and f ^ y p 4 g f uas el uted 

^X^^O^M^ S -utilised with 1 

5 " "Selection* of turKey egg white lysozyme binders 
the rescue-tube enrichment-plating cycle "/J 8 ^ 

^fSonls^ an^f?^ « r . MM 

Mn,°. £ gr^n with shewing Usprpm. £ 

1S A 96-well P^*f m J2v rS of the" overnight cultures on 
inoculate approximately 4 ul oi rne _4 M p_ su ,. After 
the master plate into 200 yl £^ h 2 * £$» ofu of VCS-M13 
•i »,,- *rv Hi 2 x TY-AMP-GLU containing iv piu 
1 hr, _50j»l_Z_*_«.™ a „„ ^ oiate incubated at 37 C 

Ui. 15 mint, and aspirating^ \n SSS 

^2%JS3S &a2 , S0 SS» r t^ntfinSg 
25 string 37-C. Onconcentrated supernatant containing 
phage was taken for analysis by ELISA. 

iStsis for binding to phOx:BSA BSA « J*™*- 
performed by ELISA (see i» vSte lyiSy-e 

, delerSSd « ig£ S^emM^ 

irrelevant antxgen < ke Y ho1 ® j:^ e _I " ^ thyroglobulin, 

trypsin inhibitor ) . • A ii antigen 

specific clones isolated wexe ^^J™ ^fgens as 
40 reactivi^r against a P^^i^lThe Clones was 
described above as Sscribed above and at 

determined by PCR screening a = ± pattern were 

least two clones from each restriction 

iBa&l i»ww w , . . j „ 4^«n4natinn method . 

sequenced by tne aiaeoxy u^. — 

" i^io^^^^^^li 

XoSted for phOx..BSA. All <^-JF*n£?£l 
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designated as BSA binders. The binding ro 3SA seemed to 
be specific, since none of the 11 clones analysed gave a 
signal above background when used in an ELISA with KLH, 
ovalbumin, chymotrypsinogen, cytochrome c. Ivsozyme' 
3 thyreoglobulin, GAF-DH, or trypsin inhibitor. "all BSA 
binding clones had the same BstNI restriction pattern, 
and 14 clones were completely sequenced. Thirteen of the 
fourteen clones had the same sequence, the VH was derived 
from a human VH3 family gene and the VL from a human V 

10 lambda 3 family gene (Table 1). The other BSA binder was 
derived from a human VH4 family gene and a human Vkl 
family gene (data not shown). 

One clone was isolated which bound to phOx:BSA only 
(OD 0.3), and bound phage could be completed off 

15 completely by adding 0.02 mM 4-6-amino-caproic acid 
methylene 2-phenyl-oxazol- 5-one (phOx-CAP) as a 
competitor. Also no binding above background could be 
detected to the panel of irrelevant proteins described 
above. The sequence revealed a VH derived from a human 

20 VH1 family gene and a VL derived from a human V lambda 1 
family gene (Table 11). 

Isolation and characterisation of lysozyme binders : 
After 4 rounds of selection, 50 ELISA-positive clones 
were isolated for turkey lysozyme. The majority of the 

25 clones, greater than 95%, were from the IgM library. The 
binding to lysozyme seemed to be specific, since none of 
the clones analysed gave a signal above background when 
used in an ELISA with KLH, ovalbumin, chymotrypsinogen, 
cytochrome C, thyroglobulin, GAP-DH, or trypsin 

30 inhibitor. The lysozyme binding clones gave 3 different 
BstNI restriction patterns, and at least 2 clones from 
each restriction pattern were completely sequenced. The 
sequences indicated the presence of 4 unique human VH-VL 
combinations . ( Table 11 ) . 

25 Conclusion 

The results indicate that antigen binding activities 
dbn be isolated from repertoires of scFvs prepared from 
IgM cDNA from human volunteers that have not been 
specifically immunized. 

40 Example 44 

Rescue of human IgM library using helper phage lacking 
gene 3 ( 6c3 ) ~~ " " * " ~ 

This example describes the rescue of gene 3 fusions 
from a human library using a helper phage with a gene 3 

45 deletion. 

100 \il of bacterial stock of the IgM phagemid 
library prepared as described (example 42), containing 
5x10° bacteria, was used to inoculate lOOmls of 2xTY 
medium containing lOOpg/ml ampicillin, 2% glucose 
50 (TY/Amp/Glu) . This was grown at 37 °C for 2.5 hours. 10 
mis of this culture was added to 90 mis of prewarmed 
TY/Amp/Glu and infection carried out by adding lbmls of a 
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- vn n helDer phage lacking gene 3 
200 fold concentrate ox K07 Jelper P ^ . for 1 noU r 

(Ml3K07gIIlANo.3V t"* 1 ^!^^ ox M13K07glH No.3 
at 37-C without shaking. Pre Pf ^fter centrifugation at 
was as described in example 34 After resuspe nded 
5 4,000 r.p^. for K> ^ S ^^ C ^ing 100 ug/ml 
in 100 mis of 2 x TY J"f ai % . tra1;ion of the culture 
ampicillin /(with ^.g^^^^ a.QxloB infe cted 
at this point revealed ^J*^^" to gr0 w on plates 
bacteria as judged by their ability g ka namycin 

0 containing both ampicilli n ^ or j. hoU r with 

(50ug/mi>. incubation was cont |nued £ medium 
shaking before transferring to 2 5 litre kanamycin , 
containing 100ug/ml ^"^kg. This culture was 
contained in five ^2.5 ^^^^matant prepared by 

L5 incubated for 16 hours 8 » l0/000 r.p.m. in a 
centrifugation. ( 10-15 * n par ticles were 
Sorvall RC5B <=^f^ e ^ ^ c >^ polyethyle ne 
harvested by adding i^th vox™ for 30 minutes and 
_-. i o r M-NaCl. standing- at * <- ^ . i ot - wa s 

20 centrifuging as ,«>»"• ^o.i* EDTA pH 7.4 and 
resuspended in 40mls °f . ^J^/if ugation as above. The 
bacterial debris jemove* by centrit ug re _ precipi tated, 
packaged phagemid preparat wa | in Tomls of lOmM Tris, 
collected as above .and /Vis preparation was 

25 0 . lmM ET>TA pH 7.4. The litre _ot tn y resistan ce ) . 

4 . 1x1013 transducing ^xts/ml ^ c g£ axed as Ascribed 
Tubes coated with OX-BSA were P H libra ry from 

in example 45 for ^fftSS fanned against 
example 42. The rescue d ^"^"f,^ (S igma). These 
c 0 tubes coated with bovine J*^ 1 ^^ thyroglobulin in 
-° were coated at a cone £r. blocked 
50mM NaHC03 pH9.6 at ^7 C overnign ^ incubated 

with PBS /containing 2% milk powde * * ' he equ ivalent 
* with lml of the rescued ,™ d l with 3mls of 

SsSltg^__Patmlna nq.inst nxazalon^ - BSA 

The first round or panning ^f 11 "^ witn i.4xl0 6 

40 2.8x106 phag e. * .large s ^^^sSape^tnto lOmls 
colonies derived f^.^X fo r 10 minutes, aliquoted 
of 2xxTY, 20% glycerol, shaken tor late a fresh 

«* *™*t wTth SlKOT^I "0,3. (Bacteria^and 

45 Tescued ^e^-d -om f£S^- P T»= 
0X-BSA are named OXPM. « pa nnings are named 

derived from second and J*** 3 . ro £r cu y e of phagemid with 
0XPAN2 ^W^TgJ^ J^ST °f fanning was 

'SrSffSdS ^f 2XT Y medium 
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containing lOOpg/mi ampicillin. 50pg/ral kanamycin. 
Second and third round panning steps were as described 
above for the first round, but using 0.8-I.0mls of 100 
fold concentrated phage (the equivalent of 80-100 nils of 
5 culture supernatant). The eluate from the second round 
panning contained 8xl0 3 infectious particles and the 
eluate from the third round panning contained 2. 3x10 9 
infectious particles. 
Panning against thyroglobulin 

10 The first _ round panning against thyroglobulin 

yielded 2.52x10° infectious particles. Half of the 
eluate was used to generate 1.26xl0 5 bacterial colonies 
on a large plate. These colonies were scraped into lOmls 
of 2xTY, 20% glycerol, shaken for 10 minutes, aliquoted 

15 and stored. These bacteria and rescued phage derived 
from them are termed THYPAN1, and used to inoculate a 
fresh culture for rescue with M13K07gIII No. 3 to give a 
polyclonal rescued phage preparation. Material similarly 
derived from second and third round pannings are termed 

20 THYPAN2 and THYPAN3 respectively. Second and their round 
pannings with thyroglobulin were as described for second 
and third round OX-BSA panning. The eluate from the 
second round panning contained 8xl0 7 transducing units 
and the eluate from the third round panning contained 

25 6x10 ' infectious particles. 

ELISA - screening of clones derived by panning 

40 colonies derived form the third round of panning 
against thyroglobulin (THYPAN3) were picked into a 96 
well -plate and grown overnight at 37 °C in 200ul of 

\30 TY/Amp/Glu. Similarly 48 colonies from two rounds and 48 
colonies from three rounds of panning against OX-BSA were 
grown ( OX -PAN 2 and 0X-PAN3). Polyclonal phage were 
prepared at the same time. Next day 5^1 from each 
culture was transferred to lOOiil of fresh orewarmed 

35 TY/Amp/Glu grown for 1.5 hours and M13K07gIII No. 3 added 
(2 x 10 b infectious phage per well in 100ul of 
TY/Amp/Glu). these were incubated for I hour at 37 °C 
without shaking, centrifuged at 4,000 r.p.m. for 10 
minutes, resuspended in 150yl of 2xTY medium containing 

40 100ug/ml ampicillin and incubated for a further hour with 
shaking before adding to 2mls of medium containing 
lOOug/ml ampicillin, 50pg/ml kanamycin. After overnight 
growth the cultures were centrifuged at 4,000 r.p.m. for 
10 minutes and the supernatants collected. ELISA plates 

45 used to screen THYPAN3 clones were coated at 37 °C 
overnight with 200vig/ml thyroglobulin in 50mM 
NaHC03pH9.6. Plates used for 0XPAN2 and 0XPAN3 were 
coated at lOOpg/ml OX-BSA in PBS at 37 °C overnight. 

120^1 of culture supernatant was mixed with 30ul of 

50 5x PBS, 10% milk powder and incubated at room temperature 
for 2 hours at room temperature. ELISAs were carried out 
as described in example 18. 
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- w„nr, ir out of 40 clones were positive 
For thyrogiobulm 18 out : or CO ntrol 
(0.3-2.0 /O.D. after 30 ni^utes ) . I s In 

vector PCAT3>/gave a reading of u poly clonal 
addition, , positives were ft f s ° ^ o.D. ) and THYPAN2 

10 foid ssrssss- and ^ «psuriv^~ 

the PO^^S^^ that at 

15 clone^^c^ 

of 48 were positive. in a sepato 00 i vc lonal phage 

signal was ^** ln « d g8 f r S > ^^^2° (1.717 OD) 
ISSS*^ 0 ^- deS from the_original non-panned 

Selected clones (11 ^J^g^t BstNI restriction 
BSA) representing each of the °^" e ^J. to a pane l of 
digest Pa«ems were assayed fox gndi^ to ^ ^ 

25 irrelevant antigens. __ E " S * gi, pH 9 . 6) by overnight 
antiger. < 10* l*** « ^ C ° f 3 ' aSigeni consisted of 
incubation at 37 :C. . me pw lysozyme, bovine 

keyhole limpet ^ogan^J™^ P^, cWmotrysinogen, 

serum *^ n K f^^^^ 
30 trypsin inhibitor, GAP £11 IgJ and oxazolone-BSA. 
dehydrogenase), bovine ^"SSatant (80 ul + 20 ul 5 x 
Duplicate samples of phage ^P^J 81 * l ^ cn ^ ant igen and 

11) were positive for thyroglobulin (OD 0.12 0. /*> 
aria? 60 Lnutes showed no "^Jarg 5 ^ 0 ^ ^-BSA 
the 9 irrelevant ^antigens. Similarly ODs < 

S^-^LJ!^ — . "one a? the 5 clones 

^ ThunK ^ can be o ? two 

*--"««,«+nr» hv rescuing with M13K07gxn wo.o ^ 

rounus v^^-- » - mreater likelihood with tms ixfsiye* 
addition there is a &***£^\ ith raore than one intact 
of getting j?hage P«g«JJ^ w p 0ten tially increase the 

S^rpT^^^ 61131316 isolation of 

clones of weaker affinity. stje cificitv of sc Fv PI -3 

r— ^' Alteratio n of fine | x citv ^ --^ 

di splayed °n pnage hv mutagenesis _ 

T^inbilisfed turkey lvsozyme 
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The Dl . 3 antibody binds hen egg iysozvme ( HEL ) 
with an affinity constant of 4.5 ;c 10'M" 1 whereas it 
binds, turkey egg Iysozvme (TEL) with an affinitv of 
<lxlO°M~ A . (Harper et ai (1987) Molecular Immunology 24 
P97-108, Amit et ai (1986) Science 233 p747-753). 

It has been suggested that this is because the 
glutamine residue present at position 121 of HEL <glnl21) 
is representated by histidine residue at the same 
position in TEL. Thus mutagenising the D1.3 antibody 
residues which interact with glnl21 of HEL mav facilitate 
binding to TEL. 

According to Amit et al, supra, tyrosine at amino 
acid position 32, phenylalanine at position 91 and 
tryptophan at position 92 of the light chain interact 
15 with glnl21 of HEL. In addition tyrosine at position 101 
of the heavy chain also interacts. None of these 
residues are predicted to be involved in determining the 
main chain conformation of the antibody variable regions 
(Chothia and Lesk (1987) Journal of Molecular Biolooy 
20 196, p901-917). yjr 
Mutagenesis of pCAT3SCFvDl . 3 

The oligonucleotides mutL91,92, was orepared too 
randomise phenylalanine at position 91 (L91) and 
tryptophan at position 92 (L92) of the light chain. The 
25 oligonucleotides mutL32, was prepared to randomise 
tyrosine at light chain position 32 (L32) and the 
oligonucleotides mutHlOl was prepared to randomise 
tyrosine at position 101 of the heavy chain (H101). 
mutL91, 92: 

30 5 ' CGT~'CCG AGG AGT ACT NNN NNN ATG TTG ACA GTA ATA 3 f 
mutL32 : 

5' CTG ATA CCA TGC TAA NNN ATT GTG ATT ATT CCC 3' 
mutHlOl : 

5' CCA GTA GTC AAG CCT NNN ATC TCT CTC TCT GGC 3' 
35 ?N represents a random insertion of equal amounts of 
A,C,G or T) in vitro mutagenesis of the phaaemid vector, 
pCAT3scFvD1.3 (example 17) with the oligonucleotide 
mutL91,92 was carried out using an in vitro mutagenesis 
kit (Amersham). The resultant DNA was transformed by 
40 electroporation into TGI cells using a 3io-Rad 
electroportor. 78,000 clones were obtained and these 
were scraped into 15mls of 2xTY/20% glycerol. This pool 
was called D1.3L91L92. Single stranded DNA was Drepared 
by rescue with M13K07 as described in Sambrook' et al, 
45 1989 supra, and sequenced with the primer FDTSEQ1, using 
a Sequenase sequencing kit (United States Biochemical 
Corporation ) . 

This revealed that the DNA had been successfully 
mutagenised as judged by the presence of bands in all 
30 four DNA sequencing tracks at the nucleotide cositions 
encoding L91 and L92. This mutagenised sinole" stranded 
DNA was subjected to a further round of mutaaenesis as 
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above using ^^%^^^°^^{ 

caSffi^ iSS 
Slled D1.3H101). ^ese clones were jcrap 

5 of 2xTY/20% gly^rol, S^l«J™J^ eotidM D1 .3L40 
each pool was se ^tiv as described above, and shown 
and LINKSEQ1 respectively, as aescn 
to be correctly randomised. 

10 5^ * CAG^GAG CTG AGG AGA TTT TCC 3' 

5^ N TCC^GGG TGA ACC GCC S^cy'^^^^^on 

10-20ul or ^^ A ^J to S2^ to inoculate 5mls of 

15 pool (Plate ^f^s) was "^Si was at 37'C. After 2-3 
TY/Glu/Amp. All bactt«a3 ^ growth ^ ^ arm ed 

hours growth^ h v addition of 0.5 mis of a 200 

TY/Giu/Arap ■ L "* w ;"; ho J Ml3K07aIH A No. 3 prepaia^.. 

fold concentrate of the "™ * j*d£ ^ infecrion the 
20 described in example 34. a £" e * r .p.m. for 10 minutes, 
cultures were centrifuged 4 000 r.p.m. ^ £or a 

resuspended in 2xTY, lOOug/ml "^iJJ' of 2*T* medium 
furthS hour, transferred to 500 mis and 

bsi!^™ ^J^" 1 ^ pH7 - 4 at 1/100th 

the original culture volume. 

Affinity purification lvsozvme a t a concentration of 

™ " lOmls ot turkey egg ^f^Tjr was ^ed with an 

30 lOmg/ml in 0.1M ^ co3 { °- 5 ^^en Bromidt Activated 
equal volume of swollen CjJJJffi* linked ^d washed 
Sepharose 4B (Pharmacia) "jgjjg*,. Be fore use this 

according to ■^■ c ™ r S ^SfSS 100 volumes of PBS 
35 matrix (TEL-Sepharose) was wasted wi xEL-Sepharose was 

followed by 10 volumes of ™*' p ™ M ^ lml was added 

resuspended i^/f^f 1 ™^ ra t e of phage in PBSM and 
to lml of a 50 f !old l«»cjwt rate o P q 9.^^ ^ TQOJa 

incubated on a ^^^f 1 ^^^ for this step was 
temperature. The actual P h age use a inde pendent 
prepared by mixing equal ™£™* s J% ools (D1.3L9192 
preparations^ of ^^three^ ra^ tnis bind ing step, the 
D1.3Hl01-ana ux.***>*i- '-"Z disDOSa ble polypropylene 
suspensions were ^^^^.R^id washed* with 200 
column ( Pbly-Prep columns Bio Ra^ phage 

volumes of PBS containing 0.1% Q ™ een trietnylami ne and 
were eluted with lml of i° UmI ? R7 , 4 } . A dilution 
neutralised with J .5ml ™ J™*^f] > used to infect 

M 1 ;^-^ 1 ^ iniHmls^^, 20% glycerol 
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and stored at -70°C. lOul of this was used to initiate a 
second round culture which was rescued with M13K07gIII/j 
No. 3 as described above (using a final culture volume of 
lOOmls ) . Second and third round affinity column 
purification steps were carried out as described above 
for the first round. 
Analysis by ELISA 

40 colonies derived from the third round of column 
purification on TEL-Sepharose were picked into a 96 well 
plate and grown overnight at 37 °C in 200yl of TY/Amo/Glu. 
Phagemid particles were rescued and prepared for ELISA as 
described in example 18. ELISA plates were coated 
overnight at 37 °C with hen egg lysozyme (HEL) or turkey 
egg lysozyme (TEL) at a concentration of 200pg/ml in 50mM 
15 NaHC0 3 pH9.6 ELISAs were carried out as described in 
example 18. 

After 15 minutes incubation in substrate, 13 clones 
were found to be negative (OD<0.05 on HEL and TEL). In 
all positives, a signal of 0.1-0.78 was scored on HEL 
with the exception of one where signal on HEL was 0.078 
but signal on TEL (OD 0.169) brought it in to the 
positive group. The control phagemid preparation had a 
percentage ratio of signal TEL: HEL of 22%. Clones were 
deemed to have an unaltered binding if the ratio of 
25 TEL: HEL was less than 40%. 9 clones fell into this 
category. 18 samples wer& scored as having altered 
binding with a ratio of signal on TEL: HEL of between 40- 
200%. 

A dilution series was made on 10 clones which were 

30 analysed by " ELISA in 6 of these clones the profile of 
binding to HEL was the same- as the original clone 
( pCAT3SCFvDl . 3 ) while the signal with TEL was increased 
J see figure 50 clone Bl). In the remaining 4 clones, the 
increased signal with TEL was accompanied bv a decrease 

25 in signal on HEL (see figure 50 clone A4 ) . 
Competition with soluble antigen 

All of the isolated clones retained binding to HEL 
to varying extents. In order to determine whether a 
soluble antigen could compete with the immobilised 

40 antigen, a parallel experiment was carried out, as above, 
but with the addition of hen egg lysozyme (lmg/ml) to 
TEL-Sepharose before incubating with the phage 
preparation. This experiment was carried through 3 
rounds of column purification and 40 colonies were 

45 picked. None of these clones bound HEL or GEL 
demonstrating that the soluble antigen had been 
successful in competing out binding to the immobilised 
antigen. 
Example 46 

50 Modification of the Specificity of an Antibody by 
Replacement of the 7LK Domain by a VLK Library derived 
from an Unimmunised Mouse 
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. ^ an antibody *-^^J*2£%£££ 

often be desirable to alter some o example 
parScularly ^^^J^tF^'tnt*** can be 
demonstrates that ^ domain derived form a 
altered by use . jj^*™^ method using display on 
repertoire of such "oas. ™ 1S ^* of existing 

phage would be applicable to i m ^ specificities 
Lnoclonal. antibodies a %^s examplJ shows that 

derived using phage antibodies. _L"* specific for Hen 
replacement of the ™ fSS^of VL domains 

eggwhite.:lysozyme (HEL) WX F» ts witn bind also to 
allows selection of scFv gagmen genera iiy this 

Turkey eggwhite 'l**^ * hat specificities of 

experimental *g*^J^ U of a variable 

antibodies can be modified by rep hierarchical 
domain and gives a f urther ,e*^J f icities . 

construct~^ 

using the primers^ VHIBACK^ and vh ^ derived from 
library was amplified from a^ cDNA xiot y synthBSiz ed 
ihe spleen of an ummmunised ^'^f^J fi St strand 
by using the MJKFONX P^ m f S s ^ s 2 ^e n " amplification was 

P erfo n rmeffih%h 4 e -£5^^^ t 5L?5S 

«ght^^^ 0 medf^^ Signal chain 
Fv linker as described in example ^14. sequences) 
Cloning the assembled PCR P£?™^ (pu ii- through) 
was done after an additional and forwa rd 

using a BACK primer proving an ApaLi s des crihed in 
primers which gained a Not site ents were 

example 14, ApaLl/Not 1 gSJjre ag in 

^U ^l^SS were obtained after 
eiSroporatio? of the ligation reaction into MC1061 

cells. ^ . = „ Q nbrarv for TEL binders was 

Screening of the P ha 9 e ^^ a £° n 2 058 tubes were 
performed by panning Pol *«3ri™^£~ 2 £ m g/ml) and 
coated (16 hrs) with 2 ml of TEU V conta ining 2% 

blocked for 2 hrs with 4 ml J^BS ^ ^ 
skimmed milk powder). pha 9 e <* enve a were 

..in „^,,r.-ir.rr unites > in z mx oj- '^"^ v „ 

(bxiu — Lj.ai»=— — 3 ^ fnr ? hrs at room tempera«.ui.o. 

incubated in these tubes for 2 hrs at ^ Tr . s _ 

45 The tube? were washed _3x with ^PBS 1^ pH 8.5, 
HC1, pH 7.5, n 0. 5 M .NaCl' ^ NaC1 . Finally phage 

0.5 M NaCl, 50 mM Tri: 3-HC A ' P H y ' 3 lamine . E i u ted phages 
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precipitation. After a second round of selection for TEL 
binders ELISAs were performed as described ( example 2 ) . 

Analysis of 100 clones from the library before 
affinity selection by ELISA on plates coated with TEL 
5 showed no binders. In contrast, after two rounds of 
selection for TEL binding phages about 10% of the phage 
clones showed positive ELISA signals. ELISA signals were 
scored positive with values at least two fold higher than 
the fdCAT2 vector without insert. A more detailed 
10 analysis of binding properties of TEL binding phages is 
shown in figure 51. 

As shown in figure 51, several clones were found 
which bind equally to TEL and HEL in contrast to the 
original D1.3 scFv, which binds almost exclusively to 
15 HEL. None of the clones bound to BSA. These findings 
indicate that the specificity of these scFvs was broader 
in comparison to D1.3, since both lysozyraes (HEL and TEL) 
are recognized, but specificity for lysozyme was retained 
since other BSA was not recognized. The deduced amino 
20 acid sequences (derived by DNA sequencing) of two light 
chains from clones MF1 and M21, which correspond to 
clones 3 and 9 in figure 51 are shown in figure 52. 

In the case of isolated antibodies the experimental 
approach as described in this study may be particularly 
25 useful if recognition of a wider range of different but 
closely related antigens is desired. For example, 
monoclonal antibodies against viral antigens viral 
antigens like V3 loop of HIV-1 gpl20 are in most cases 
quite* specific for one particular virus isolate because 
30 of the variability in- this part of the HIV-1 env gene. 
The modification of such antibodies in the way described 
in this example may lead to antibodies which cross react 
with a wider range of HIV-1 isolates, and would 
therefore be of potentially higher therapeutic or 
35 diagnostic value. 

A similar approach could be taken in which a light 
chain variable domain of desired properties is kept fixed 
and combined with a library of heavy chain variable 
domains. Some heavy chains, for example VHD1.3 retain 
40 binding activity as single domains. This may allow a 
strategy where VH domains are screened for binding 
activity when expressed on phage and then binding domains 
combined with a library of VL domains for selection of 
suitable light chain partners. 
45 Example 47 

Selection of a Phage Antibody Specificity by Binding to 
an Antigen attached to Magnetic Beads. Use of a 
Cleavable Reagent to allow elution of Bound Phage under 
Mild Conditions 

50 When a phage antibody binds to its antigen with high 

affinity or avidity it may not be possible to elute the 
phage antibody from an affinity matrix with a molecule 
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ntpmatively, there may be no 
related to *he ant^pn^ Alternatively ^ ^ ^ 

suitable specific eluting *°t^n In these cases it is 
S sufficiently high «»«»«25Si whTch is not specific 
necessary to use ^ ^ution met unately , some of 

= to the antigen-antibody disrupt phage structure, 

J S. non-specific elution ^thods ^f w ? th 5 time at pHl2 
for instance phage ™f>^J T ^ D J- M ol. Biol. 36 387- 

10 r« ssrss. ^o^oi, 

do not disrupt phage structure. a cleavab ie 

Target antigen was wi | h 2-phenyl-5- 

biotinylation reagent. BSA con} g modified US ing a 
oxazolone (0. Makela etal. supra) dithio i group 

biotinylation reagent with ( a ^ amido) ethyl-1,3- 
(sulphosuccinimidyl J. l° . acGO rding to the 
L- + hfnnrooionate from Pierce; j» ^ d an tigen 
^arTufac^urers i^tructions. .^^^^ beads and the 
was bound to streptavidin coated ^ coa ted magnetic 

ug of OX-BSA) was added to 0 ^ of P S ^xlO^ 
containing 2% skimmed mi lk P° w * e *> £ pAbD i.3 directed 

nrobed with the oligo NQ11CDR3 

*° < 5 ' . AA * C ^rS T ^S G NSA <Thi= hybridises 

derived from CDKJ ox w 

to pAbNOll but not "P^ pAbNQll (table 12.) was 

* * fi-7n fnld enrichment or P^ 1 ^ v ^ .,^10 round 

-£fiS>*Erv5»« --33*-- 

biotinylated OX-BSA. example of an 

This .elution procedure is 3^t °ne icularly 

elution procedure under ^^SSduee a nucleotide 

advantageous ^f^.^ 1 ^^ ^S&no a recognition 
secna^ce encoding amino acids y <=° ic tease between 

site for cleavage by » instance a gene ror an 

the foreign gene inserted, ^n this ins 
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antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
affinity matrix and elution to remove non-specific 
binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting the phage. These phage 
would be expected to be infective since the only protease 
site should be the one specifically introduced. Strongly 
binding phage could then be recovered by infectinq e.g. 
E.coli TGI cells. 
Example 48 

15 Use of Cell Sele ction to provide an Enriched Pool of 
Antigen Spe cific Antibody Genes, Application to reducing 
the Complexity of R epertoires of Antibody Fr agment 

displaye d on the Surface of Bacteriophage ~ 

~ There are approximately 10- 1 * different combinations 

20 of heavy and light chains derived from the spleen of an 
immunised mouse. If the random combinatorial approach is 
used to clone heavy and light chain fragments into a 
single vector to display scFv, Fv or Fab fragments on 

„ ?£f5 e ' Lt 1S not a Practical proposition to display all 

25 10 combinations. One approach, described in this 
example, to reducing the complexity is to clone genes 
only from antigen selected cells. (An alternative 
approach, which copes with the complexity is the dual 
combinatorial library described in example 26). 

30 The immune system uses the binding of antigen by 

surface immunoglobulin to select the population of cells 
that respond to produce specific antibody. This approach 
of selecting antigen binding cells has been investigated 
to reduce the number of combinatorial possibilities and 

35 so increase the chance of recovering the original 
combination of heavy and light chains. 

The immunological response to the hapten 4-hydroxy- 
3-nitrophenylacetic acid (NP) has been extensively 
studied. Since the primary immune response to NP uses 

40 only a single light chain the applicants were able to 
examine the use of the combinatorial method using a fixed 
light chain and a library of heavy chains to examine the 
frequencies genes that code for antibodies binding to NIP 
( 4-hydroxy-3-iodo-5-nitrophenylacetic acid). The 

45 applicants have thus used this system to investigate the 
merits of selecting cell populations orior to making 
combinatorial libraries for display on phage. 
Methods 

2.1 Hapten conjugates 
50 Chick gamma globulin (CGG, Sigma. Poole, UK) and 

Bovine serum albumen (BSA, Boehringer, Mannheim. Germany) 
were conjugated with NP-O-succinimide or NIP-caproate-O- 
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succinimide (Cambridge Research Biochemicals, Northwich, 
UK ) based on the method described by Brownstone 
(Brownstone, A., Mitchison, N.A. and P"*-^^*- **' 
immunology 1966. 10: 465-492). The activated compounds 
5 were dissolved in dimethylformamide and added to proteins 
in 0.2 M sodium hydrogen carbonate. They were mixed with 
constant agitation for 16 hours at 4 8 C and then dialysed 
against several changes of 0.2 M sodium hydrogen 
carbonatew They were finally dialysed into phosphate 
10 buffered saline (PBS). The conjugates made were NP 12 CGG, 
NIPmBSA. The NIP 10 BSA derivative was subsequently 
biotinylated using a biotinylation kit purchased from 
Amersham (Amersham International, Amersham, UK). 

2.2 An imals and immunisation 

15 Mice of the strain C57BL/6 were immunised by 

intraperitoneal injection of lOOug NP-CGG in Complete 
Freunds Adjuvant at iO weeks of age. 

2.3 Spleen preparation 

_ ... V_.-_ _jri.__ •ra-^i'/in rolls frnm the soXeen 

20 were prepared as described by Galfre and Milstein 
(Galfre, G . and Miistein, C. Methods Enzymol. 1981. 73:3- 
46) Red cells were lysed with ammonium chloride (Boyle, 
W. Transplantation 1968.6:71) and when cell selection was 
performed dead cells were removed by the method described 

25 by von Boehmer and Shortman (von Boehmer, H. and 
Shortman, K, J. Immunol, Methods 1973:1:273). The cells 
were suspended in phosphage buffered saline (PBS), 1% 
Bovine serum albumen, 0.01% sodium azide; throughout all 
cell selection procedures the cells were kept at 4°C in 

30 this meditim. 

2.4 Cell Solution 

Biotinylated NIP-BSA was coupled to streptavidin 

coupled magnetic beads (Dynabeads M280 Streptavidin, 
Dynal, Oslo, Norway) by incubating 10° beads with lOOug 

35 of biotinylated protein for 1 hour, with occasional 
agitation- and then washing five times to remove unbound 
antigen. The coupled beads were stored at 4°C in medium 
until required. For selection of antigen binding cells 
the ceils (2-4xl0 7 /ml) were first incubated for 30 

40 minutes with uncoupled beads, at a bead: cell ratio of 
1:1, to, examine the degree of non-specific binding. The 
beads were then separated by placing the tube in a 
magnetic device (MPC-E Dynal) for 3-5 minutes. The 
unbound cells were removea ana uubxi ±i«juuaucu 

45 BSA coupled magnetic beads, at a bead: cell ratio of 
0.1:1, for 60 minutes, with occasional agitation. The 
beads' and rosetted cells were separated as described 
above. The* beads were then resuspended in 1 ml of medium 
and the separation repeated; this process was repeated 5- 

50 7 times until no unbound cells could be detected when 
counted oh a haemocytometer . 

For the depletion of surface immunoglobulin positive 
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cells the cells were incubated with 20pg biotinylated 
goat ant i -mouse polyvalent immunoglobulin (Sigma, Poole, 
UK). The cells were then washed twice with medium and 
added to streptavidivin coupled magnetic beads at a bead 
5 to cell ratio of 30:1. After 30 minutes incubation the 
beads and rosetted cells were separated by applying the 
magnetic device three times - taking the supernatant each 
time. 

2.4 DNA/cDNA preparation, PGR amplification and cloning 
10 DNA was prepared by a simple proteinase-K digest 

method that was particularly convenient for small numbers 
of cells (PGR Protocols: A Guide to Methods and 
Applications. Ed Innis M.A., Gelfand D. H. , Sninsky J.J. 
and White T. J. Academic Press). RNA preparation and 

15 subsequent cDNA synthesis was performed as described by 
Gherardi et al (Gherardi £• , Pannell R. and Milstein C. 
J. Immunol. Methods, 1990. 126:61-68). PGR and cloning 
of the heavy chain libraries was performed using the 
primers and conditions described by Ward et al (Ward, 

20 E.S., GUssow, D., Griffiths, A.D., Jones, P.T. and 
Winter, G. , Nature, 1989. 341: 544-546); 40 cycles of 
PCR amplification were performed. The VH and Fv 
expression vectors used were adapted from those 
previously described by Ward et al. They were both 

25 subcloned into pUC119 (Veira and Messing see later) and 
the Fv expression vector was modified to include a 
germline lambda-1 light chain (obtained as a gift from T. 
Simon ( originally cloned by Siegfried Weiss, Basel 
Institute of , Immunology )) . THe vector is shown in Figure 

30 53. 

2.5 Expression and ELISA 

For screening single colonies were picked into 
individual wells of microtitre plates (Bibby) in 200yl 2 
x TY/Ampicillin 100pg/ml/0. 1% glucose and then incubated 

"35 at 37°C for 5-6 hours with agitation, Isopropyl-p-D- 
thiogalactopyranoside (IPTG, Sigma, Poole, UK) was then 
added to a final concentration of 1 mM and the incubation 
continued for a further 16 hours at 30 °C before 
harvesting the supernatants . The wells of Falcon ELISA 

40 plates ( Becton Dickenson, N.J., USA) were coated 
overnight at room temperature with NIP 10 -BSA (40pg/ml in 
PBS) and then blocked with 2% skimmed milk powder in PBS 
for 2 hours at room temperature. The bacterial 
supernatants were added and incubated at room temperature 

45 for 1 hour and then the plates were washed three times 
with PBS. Peroxidase conjugated-Goat anti -mouse lambda- 
chain (Southern Biotechnology, Birmingham, USA) was added 
and again incubated for 1 hour at room temperature before 
washing six times with PBS and then developing with 2,2'- 

50 Azino-bis ( 3-ethylbenzthiazoline-6-sulf onic acid) (Sigma, 
Poole, UK) as the peroxidase substrate. The optical 
density at 405nra was measured using a Thermomax 
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and the ^specific bxndxng each vh library 

the propprtxon of expressea gene len gth VH domains 

using P western blotting showed that ^full . ^ ^ 

were expressed . xn 95% < 19 /^ only 60% (12/20) of 

used as the startxng materxal ^ but on iy ^ 
clones when DNA < either . ^elected cells ^ or ^ ^ 
spleen ) was used as the ^rtxng ^ re _ 

difference probably results rron primers 
arranged pseudogenes could ^be w some degree of 

s^n*^^ « f — ionai 

of 

- A variable number °f"^ uCt i;- of "f v fragments 
20 library were screened ft^Jf'SSSii ELISAs were 
that bound to N fJ" ■ ^SSi to include those with an 
performed ahd.po.xt xv es talc en to xnc backgroU nd. The 

optical densxty of ^^^ ea /jL r ^f orin ed and the binding 
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prepared from both surface immunoglobulin depleted and 
non-depleted factions of a spleen and VH libraries made 
from each. The ELISA results (Table 14) show that the 
number of positives is certainly not decreased by this 
5 depletion suggesting that the major portion of the 
selective effect of using RNA may come from surface 
immunoglobulin negative G-cells (probably plasma cells). 
Conclusions 

The applicants have demonstrated the importance of 

10 the amplification of specific RNA produced by 
immunisation to enable binding activity to be obtained 
with any reasonable frequency from a combinatorial 
library. The applicants have also demonstrated an 

alternative strategy which mimics that of the immune 

15 system itself. Using a simple method of selecting for 
antigen binding cells gave comparable enrichment and has 
the added advantage of using a broader range of genes. 
At first sight the random combinatorial approach would 
appear unlikely to produce the original combination of 

20 heavy and light chain because of the vast diversity of 
the immunoglobulin genes. The applicants show here, 
however, that following immunisation, with a goo$ 
antigen, 10% of the VH genes from total splenic RNA 
isolated come from antigen specific cells so the 

25 effective size of the repertoire is greatly reduced. 
This together with the fact that promiscuity of the heavy 
and light chains occurs (examples 21 and 22) accounts for 
the fact that combinatorial system does produce antigen 
binding clones with reasonable frequency. The data also 

30 -suggests that the bulk of the antigen specific RNA comes 
from surface immunoglobulin negative cells which are most 
likely plasma cells. 

The data also show that this simple method of 
antigen selection may be useful in reducing the 

35 complexity of the combinatorial library. In this case an 
enrichment of antigen specific genes of at least 56 fold 
has been achieved which in the normal case where heavy 
and light chains are unknown would result in a reduction 
of the complexity of the combinatorial library by a 

40 factor of over 3000. A further advantage of using 
antigen selected cells (and amplifying from DNA to reduce 
any bias due to the state of the cell) is that this 
results in a broader range of antibody genes amplified. 
It may be that a simple cell selection such as that the 

45 applicants have described here in combination with phage 
selection would be ideal. From this example it can be 
seen that by combining cell and phage selection methods 
one could reasonably expect to screen all the 
combinations of heavy and light chain (approximately 

50 4xl0 10 ) and would thus be able to screen all binding 
combinations although this would not , at present , be 
possible from whole spleen (approximately 4xl0 14 
combinations, assuming 50% B-cells). 
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* „ih (Dl 3) from vector population 
Table 1. Enrichment of P*b CD1.3) 




rcotnotes: animate* 10« P^e with the state, 

ratio of Pte "(«.») = ™** /BS « SPPlied " * 
lyS osy»e-sepharose columns, washed and eluted. TGI 
cell s war. infected with the eluted specific binding 
p^e and plated onto TY-tet plates. «ter overnight 

^- , n «'C the plates were analysed by 
incubation at 30-37 C, rne p-l 

bvbridisatibn to the 32p. labelled oligonucleotide VH1F0R 
,„ard et al op cit) which is specific to pAb D1.3. 
«.«,. colonies from overnight plates were grown, phage 
purified, and tested for lysozyme binding. "Enrichment 
„as calculated from the oligonucleotide probing data. 
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Table 2 Enrichment of pAb (D1.3) from mixed pAb population 



Input Ratiol 
( pAbDl . 3 : pAbNQll ) 


Output Ratio 2 
(pAb Dl. 3: Total Dhacre) 


Enrichment 


Single Round 






1 : 2.5 x 10 4 


18/460 


0 QR v in 3 


1 : 2.5 x 10 5 


3/770 


n Q7 v- in 3 


1 : 2.5 x 10 6 


0/112 




pAb NQ11 only 


0/460 




Second Round 






1 : 2.5 x 10 4 


119/170 


1.75 x 10 4 


1 : 2.5 x 10 5 


101/130 


1.95 x 10 5 


1 : 2.5 x 10 6 


102/204 


1.26 x 10 6 


1 : 2.5 x 10 7 


0/274 




1 : 2.5 x 10 8 


0/209 




pAb NQ11 only 


0/170 


- 



Notes 

1. 10 10 phage applied to a lysozyme column as in table 
1. 

2. Plating of cells and probing with oligonucleotide as 
in table 1, except the oligonucleotide was 
Dl .3CDR3A. 



WO 92/01047 



.1 



PCT/GB91/01134 



Table 3: Enzyme, activity of phage-enzyme 




1 



ir. 



I i ! 
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O 



in 



in 
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Km (nM) 

Relative K m 

Relative 
kcat 



Soluble enzyme Phage enzyme 

(Data from Chaidaroglu (Data from this study) 
et al 1988) 

phoArpl66 phoAla!66 phoArg!66 phoAla!66 
12.7 1620 73 1070 



127 



0.397 



14.6 



0.360 



Relative 
kcat/Km 



0.0032 



0.024 



Table 6. Kinetic parameters of soluble and phage-bound 
alkaline phosphatase. Relative values of k cat and K m for the 
soluble enzyme and for the phage enzyme were derived by 
comparing with the values for wild type enzyme (phoArgl66) and 
the phage-wild type enzyme (fdphoArgl66). 
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SAMPLE 
(Construcf.host) 



fdphoArgl66 
fTGl 

fdphoAlal66 
:TG1 



INPUT PHAGE 

PARTICLE 

(praol; 



fdphoAlal66 
KS272 



RATE 
(pmol substrate 
converted/min) 



SPECIFIC 
ACTIVITY 
(mol substrate 
converted/raol 
hage/roin) 
3700 





TaWe Tr 
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Table 8. Affinity chromatography of phaee-enzvmes 



SAMPLE 


INFECTIVITY 
(Percentage of 
phage panicles 
which are 
infectious ) 


INPUT PHAGP 

PARTICLE 

(xlO 9 ) 


PARTICLE 
(xlO 9 ) 


fdphoArgl66 


037% 


5160 


30 


fdphoAlal66 


0.26% 


3040 


90 


fdCAT2 


4.75% 


4000 


2 



PCT/GB91/0U34 

WO 92/01047 ■ , 

lilt-- 



Nucleotide mutation Amino acid mutation Number 



(base position) 

308 Ala->Val (VH FR3) 3 

703 Tyr-> Asp (VL CDR3) 1 

706 Ser->Gly (VLCDR3) I 

724 Gly-> Ser (VL FR4) 21 

725 Gly-> Asp (VL FR4) 3 
734 Thr-> He (VL FR4) 1 



Table 9 Mutations in scFvB18 selected by display on phage 
following growth in mutator strains 
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Table 12 

Enrichment of pAbNQll from pAbDl.3 background by 
affinity selection using Ox-BSA biotinyiated with a 
cleavable reagent and binding to streptavidin magnetic 
beads 



Input Ratio 1 
(pAbD1.3:oAbN011) 


Output Ratio 2 
(pAb NQ11: Total phaee) 


Enrichment 


2235:1 


61/197 


690 


22350:1 


5/202 


544 



1. 1.9xl0 10 phage in 0.5mi mixed for lhour with 5pl streptavidin-maenetic 
beads precoated with antigen (OX-BSA). 

2. Colonies probed with the oligonucleotide NQ11CDR3 
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Table : Results of antigenic cell selection 



Number 
of Cells 



% of total 
cells 



Total spleen cells 

Cells bound to 
uncoated beads 

Cells bound to NIP-BS A 
coated beads 



4xl0 7 
0.8X10 4 



G.02 



J5 5 
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Table : Results of Fv NIP binding ELIS As from selected cell populations: 



Cell Population 
DNA from total spleen 



Positives 



0/940 



* Degree of 
Enrichment 



RNA from total Spleen 



29/282 



>96 



DNA from antigen 
binding cells 



17/282 



>56 



Surface Ig Selection 



RNA fromSurface Ig 
-negative fraction 



8/94 



RNA from total Spleen 



4/94 



Degree of enrichment compared to total DNA. 
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CLAIMS 
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20 



\ of nroducing a multimeric member of a 

specific^ 

expressing in a Ser or J genetically 

polypeptide chain of sard sbp member ° « fused to a 
diverse population of that type of q ^P ~ x package 
component of a ^ cre * ed -f g ^f p?lvpe|?id J at the 

(rgdp) «^%* h ££^ S £r^l?s±£ £ a recombinant 
surface of the pacicage, ana «*' chain of said multimer 

host o^^.ss^S^SiS^^^ to com * 

and causing or allowing tne » id dp at 

together to form said J^^imer as |a^° f jessed from 

sSK rgdp encodes a said polypeptide chain, 
o & me thod according to claim 1 wherein both said chains 
are expressed in the same host organic. 

nucleic acid, 

expressed from a phage vector. 

5 . A method according to any i^essef f rom 

at ^~«^£?&? 3 ££Sx?SZ m * helper 
a phagemid vector- I2resVing complementing phage genes, 

the helper phage- 
40 7. A method according to any of the Pieced 

Jesses said "second Peptide "£^"£^5 
in respective rgdps. 
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9. A method according to any one of the preceding claims 
wherein the nucleic acid encoding at least one of said 
first and second polypeptide chains is obtained from a 
library of nucleic acid including nucleic acid encoding 

5 said chain or a population of variants of said chain. 

10. A method according to claim 9 wherein both the first 
and second polypeptide chains are obtained from respective 
said libraries of nucleic acid. 

10 

11. A method of producing a member of a specific binding 
pair (sbp) from a nucleic acid library including nucleic 
acid encoding said sbp member or a genetically diverse 
population of that type of sbp member, which method 

15 comprises: 

expressing in recombinant host cells polypeptides encoded 
by said library nucleic acid fused to a component of a 
secreted replicable genetic display package (rgdp) or in 
free form for association with a polypeptide component of 

20 said sbp member which is expressed as a fusion to said rgdp 
component, so that the rgdp displays said sbp member in 
functional form at the surface of the package, said library 
nucleic acid being contained within the host cells in a 
form that is capable of being packaged using said rgdp 

25 component, whereby the genetic material of an rgdp 
displaying an sbp member contains nucleic acid encoding 
said sbp member or a polypeptide component thereof. 

12. A method of producing a member of a specific binding 
30 pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 

35 with a component of a secreted replicable genetic display 
package (rgdp) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
member or a polypeptide component thereof being contained 
within the host cell in a form that is capable of being 

40 packaged using said rgdp component, whereby the genetic 
material of the rgdp displaying said sbp member encodes 
said sbp member or a polypeptide component thereof, said 
host organism being a mutator strain which introduces 
genetic diversity into the sbp member to produce said mixed 

45 population. 

13. A method of producing a member of a specific binding 
pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
50 said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 
with a component of a secreted replicable genetic display 
package (rgdp) which displays said sbp member in functional 
55 form at the surface of the package, nucleic acid encoding 
said sbp member or a polypeptide component thereof being 



20 



25 



30 



35 



40 



PCT/GB91/01134 

WO 92/01047 1 5 8 



contained within^^lij a « 
of being, packaged «^ 8 ^ rfl gJ5?5J an sbp member 
genetic material of the_ f^P^fgde component thereof, 
encodes said sbp member or a Jgggggf £J£ d pro tein and 

' £S«SSS=Kfes " 

14. A method of producing a member of a specific binding 
10 pair (sbp) which -gl^fgS^Sis nu cleic acid encoding 
expressing in rec ^ in ^*£° fL C diverse population of that 
said sbp member or a fl""^""* £^E5 laid sbp member or 
type of sbp member, whe ^ e ^ f °J s e Sressed as a fusion 
a polypeptide component J^^gg^ genetic display 
15 with a component of a secre re P b member at the 

nucleic add . 

^^^^^^^^^ 

the helper, phage 



16. A method according *° ^^^fn tmST introduce! 
SSS StSWTSo 1 S ^% a ^e-^c acid. 

obt ^ a l^S=dM^ 

/ j j \ tS^pertoire of rearranged immunoglobulin genes 
( " 1 of ah animal not immunised with complementary sbp 

45 r^rtoire of an artificially rearranged 



50 (v) 



3D 



(iii) a repertoire of an artificially i««««m- 
immunoglobulin gene or genes , 

(iv) a repertoire of an immunoglobulin homolog gene 

(v) fmfSure ol any of (i), (ii>, (iii) — (iv). 

±1&Z2£ o-p^do^ffl,^ 
homSogous. to, an immunoglobulin domam. 
19. A method according to any one of the preceding claims 
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wherein the rgdp is a bacteriophage, the host is a 
bacterium, and said component of the rgdp is a capsid 
protein for the bacteriophage. 

20. A method according to claim 19 wherein the phage is 
a filamentous phage. 

21. A method according to claim 20 wherein the phage is 
selected from the class I phages fd, M13, fl, ifl, Ike 
ZJ/Z, Ff and the class II phages Xf, Pfl and Pf3. 

22. A method according to claim 20 or claim 21 wherein 
said sbp member or polypeptide chain thereof is expressed 
as a fusion with the gene III capsid protein of phage fd 

15 or its counterpart in another filamentous phage. 

23 . A method according to claim 22 wherein said sbp member 
or polypeptide chain thereof is inserted in the N-terminal 
region of the mature capsid protein downstream of a 

20 secretory leader peptide. 

24. A method according to any one of claims 19 to 23 
wherein the host is E.coli. 

25 25. A method according to any one of the preceding claims 
wherein nucleic acid encoding an sbp member polypeptide is 
linked downstream to a viral capsid protein through a 
suppressible translational stop codon. 

30 26. A method* according to any one of the preceding claims 
wherein the rgdps formed by said expression are selected 
or screened to provide an individual sbp member or a mixed 
population of said sbp members associated in their 
respective rgdps with nucleic acid encoding said sbp member 

35 or a polypeptide chain thereof. 

27. A, method according to claim 26 wherein the rgdps are 
selected by affinity with a member complementary to said 
sbp member. 



40 

28. A method according to claim 27 which comprises 
recovering any rgdps bound to said second member by washing 
with an eluant. 

45 29. A method according to claim 28 wherein the eluant 
contains a molecule which competes with said rgdp for 
binding to the complementary sbp member. 

30. A method according to any one of the claims 27 to 29 
d0 wherein the rgdp is applied to said complementary sbp 

member in the presence of a molecule which competes with 
said package for binding to said complementary sbp member. 

31. A method according to any one of claims 26 to 30, 
55 wherein nucleic acid derived from a selected or screened 

rgdp is used to express said sbp member or a fragment or 
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■ thereof in a recombinant host: organism. 

n8m bers, or en claim 32 wherein the 

' ~ " 

thereof. 31 32 and 33 

34 ■» method according *° ^^Ir dUTivattve thereof 
W •£r?££i£S? P«Phyla«i= medicam** 
S^^Sfpr^t/ . aiibraryo£nuclel c 

iiverse population » member or a P°^^th^a 

surface of _ the rgap g ^ the associa tea sop 
^^dfcoSonent thereof. ^ ^ 

36 Recombinant host o^l.«o^g ^mS^icbuiine or 

35 chain in the rgdp. „„ lades nucleic acid 

37 A helper phage »hose S««^ la * s Mtlose encoding 

defective form. £Uame ntcus phage 

38 A bacterial host cell Jnereof and ..herein 
JLome Sef ectiW f or a capsrd prote^ ^ u 

S ^^ ^^^"suclT'that infectious w 
^SSS^an hi ottained therefrom. ^ ^ 

». :.x bacteri^host ^^^essefinla^hS: 
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41. Recombinant E.coli TGI M13K07 gill No. 3 (NCTC 
12478). 

42. A phage having the form of a replicable genetic 
5 display package displaying on its surface in functional 

form a member of a specific binding pair or a binding 
domain thereof. 

43. A kit for use in carrying out a method according to 
10 any one of claims 1 to 34, said kit including: 

(i) at least one vector having an origin of 
replication for single-stranded bacteriophage, 
a restriction site for insertion of nucleic acid 
encoding said sbp member or a polypeptide 

15 component thereof in the 5 ? end region of the 

mature coding sequence of a phage capsid protein, 
and with a secretory leader sequence upstream of 
said site which directs a fusion of the capsid 
protein and sbp polypeptide to the periplasmic 

20 space of a bacterial host; and 

(ii) ancillary components required for carrying out 
the method. 
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Fig. 5. 
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